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EXECUTIVE  SUMMARY  
7KH JURZLQJ LPSRUWDQFH RI ORJLVWLFV LQ LQFUHDVLQJO\ JOREDOLVHG SURGXFWLRQ DQG
FRQVXPSWLRQ V\VWHPV VWUHQJWKHQV WKH FDVH IRU H[SOLFLW FRQVLGHUDWLRQ RI WKH FOLPDWH
ULVNVWKDWPD\LPSDFWRQWKHRSHUDWLRQRISRUWVLQWKHIXWXUHDVZHOODVWKHIRUPXODWLRQ
RIDGDSWDWLRQ UHVSRQVHV WKDWDFW WRHQKDQFH WKHLU UHVLOLHQFH:LWKLQD ORJLVWLFVFKDLQ
VHDSRUWVDUH IXQFWLRQDOQRGHVRIVLJQLILFDQWVWUDWHJLF LPSRUWDQFHDQGDUHFRQVLGHUHG
DV FULWLFDO JDWHZD\V OLQNLQJ ORFDO DQG QDWLRQDO VXSSO\ FKDLQV WR JOREDO PDUNHWV
+RZHYHU WKH\ DUHPRUH OLNHO\ WR EH H[SRVHG WR YDJDULHV RI FOLPDWHUHODWHG H[WUHPH
HYHQWVGXHWRWKHLUFRDVWDOORFDWLRQV$VVXFKWKH\QHHGWREHDGDSWLYHDQGUHVSRQGWR
WKHSURMHFWHG LPSDFWVRIFOLPDWHFKDQJH LQSDUWLFXODUH[WUHPHZHDWKHUHYHQWV7KHVH
LPSDFWVDUHHVSHFLDOO\LPSRUWDQWLQWKHORJLVWLFVFRQWH[WDVWKH\FRXOGUHVXOWLQYDU\LQJ
GHJUHHVRIEXVLQHVVLQWHUUXSWLRQLQFOXGLQJEXVLQHVVFORVXUHLQWKHZRUVWFDVHVFHQDULR
6LQFH WUDQVVKLSPHQW RI IUHLJKW IRU ERWK WKH LPSRUW DQG H[SRUW RI JRRGV DQG UDZ
PDWHULDOV KDV D VLJQLILFDQW LPSDFW RQ $XVWUDOLD¶V VXVWDLQHG HFRQRPLF JURZWK LW ZDV
FRQVLGHUHG LPSRUWDQW WR XQGHUWDNH D VWXG\ RI SRUW IXQFWLRQDO DVVHWV WR DVVHVV WKHLU
YXOQHUDELOLW\ WR FOLPDWH FKDQJH WR PRGHO WKH SRWHQWLDO LPSDFWV RI FOLPDWHUHODWHG
H[WUHPHHYHQWVDQGWRKLJKOLJKWSRVVLEOHDGDSWDWLRQUHVSRQVHV
,Q RUGHU WR XQGHUVWDQG WKH YXOQHUDELOLW\ RI SRUW ORJLVWLFV RSHUDWLRQV WR FOLPDWHUHODWHG
H[WUHPHHYHQWVDILUVWNH\VWHSZDVWRGHYHORSDFRPSUHKHQVLYHDVVHWVUHJLVWHU7KLV
FDQ WKHQ EH XVHG DV WKH SODWIRUP WR LQIRUP WKH VSDWLDO PRGHOOLQJ RI SRUWV DQG WKHLU
HQYLURQVDVZHOODVHQDEOLQJ WKHGHYHORSPHQWRIDGHFLVLRQVXSSRUWV\VWHPWRDVVLVW
ZLWK HYLGHQFHEDVHG SRUW LQIUDVWUXFWXUH SODQQLQJ DQG RSHUDWLRQV PDQDJHPHQW 7KH
PHWKRGRORJLFDOIUDPHZRUNGHYHORSHGLQWKLVSURMHFWHQDEOHV$XVWUDOLDQSRUWVWR
x PDSDQGDVVHVVWKHYXOQHUDELOLW\RINH\IXQFWLRQDODVVHWVWRFOLPDWLFKD]DUGV
LQIRUPHGE\ORFDONQRZOHGJHDQGH[SHUWLVH
x PRGHOLQWUDSRUWFRQWDLQHUIORZVDQGGHYHORSDV\VWHPDWLFDVVHVVPHQWRI
GLIIHUHQWµZKDWLI¶VFHQDULRVDVVRFLDWHGZLWKH[WUHPHZHDWKHUHYHQWVWKDWDUHRI
PRVWFRQFHUQWRSRUWRSHUDWLRQVSHUWXUEHGE\IXWXUHFOLPDWHVFHQDULRV
x FRQVLGHUVWUDWHJLHVWKDWVWUHQJWKHQWKHDGDSWLYHFDSDFLW\RIWKHZRUNIRUFHDQG
x DFFHVVDQLQWHJUDWHGULVNPDQDJHPHQWIUDPHZRUNWKDWSURYLGHVJXLGDQFHIRU
SRUWVZKHQGHYHORSLQJWDLORUHGDGDSWDWLRQVWUDWHJLHV$GDSWLYHFDSDFLW\DQGWKH
LPSOHPHQWDWLRQRIRSWLRQVDUHERWKFRQVLGHUHGDQGDUHKLJKOLJKWHGLQD
VHSDUDWHVWDQGDORQHSURMHFWUHSRUWRQDGDSWDWLRQJXLGHOLQHV
7KUHH SRUWV 3RUW .HPEOD 3RUW &RUSRUDWLRQ 6\GQH\ 3RUW &RUSRUDWLRQ DQG 3RUWV RI
*ODGVWRQHZHUHVHOHFWHGDVFDVHVWXGLHVIRUWKHSURMHFW7KHVHZHUHXVHGWRGHYHORS
WKHPHWKRGRORJLFDOIUDPHZRUNIRUDVVHVVLQJSRWHQWLDOFOLPDWHFKDQJHLPSDFWVRQSRUW
ORJLVWLFV3RUW.HPEODZLWKDGLYHUVLILHGFDUJRSRUWIROLRLQFOXGLQJEXONUHVRXUFHVFRDO
LURQ RUH DQG ZKHDW FRQWDLQHUL]HG DQG JHQHUDO FDUJR H[SRUW DQG LPSRUW IUHLJKW DQG
LQYROYLQJ PXOWLSOH VWDNHKROGHUV ZDV XVHG DV DQ H[HPSODU PRGHO IRU DQDO\VLV DQG
PHWKRGRORJ\GHYHORSPHQW6\GQH\LVHVVHQWLDOO\DFRQWDLQHUSRUW2QHRILWVFRQWDLQHU
WHUPLQDOVZDVXVHGWRGHYHORSD&RQWDLQHU7HUPLQDO2SHUDWLRQ6LPXODWRUDVLPXODWLRQ
RI WKH SRUW ORJLVWLFVUHODWHG RSHUDWLRQ SURFHVVHV ZLWK D YLHZ WR LGHQWLI\LQJ WKH
SURGXFWLYLW\ LPSDFWRIGLVUXSWLYHZHDWKHUHYHQWV*ODGVWRQH LVDEXONFRPPRGLW\SRUW
VSHFLDOLVLQJ LQFRDODQGZDVXVHGWRH[DPLQH WKHDGDSWLYHFDSDFLW\RI WKHZRUNIRUFH
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

DQG WKHLUZRUN SUDFWLFHV DQG WR DVVHVV WKHLU SUHSDUHGQHVV WRPDQDJH FOLPDWLF VKLIWV
DQGH[WUHPHHYHQWV
'XHWRWKHOLPLWHGDYDLODELOLW\DQGDFFHVVWRIUHLJKWIORZGDWDIURPSRUWDXWKRULWLHVWKH
DQDO\VLV ZDV FRQILQHG WR WKH LPPHGLDWH SRUW HQYLURQV 7KH OLNHO\ LPSDFW RI FOLPDWH
FKDQJH RYHU D ZLGHU SRUW HQYLURQPHQW ZDV WKXV H[FOXGHG EXW UHPDLQV D UHVHDUFK
SULRULW\1RQHWKHOHVVDJHQHULF\HWUREXVWPHWKRGRORJ\KDVEHHQGHYHORSHGZKLFKLV
LQWHURSHUDEOHWRDQ\SRUWVHWWLQJ7KH&RQWDLQHU7HUPLQDO2SHUDWLRQ6LPXODWRU&726
GHYHORSHGLQWKLVSURMHFWVKRXOGEHFRQVLGHUHGµSURRIRIFRQFHSW¶ZKLFKFDQEHDSSOLHG
WRDQ\FRQWDLQHUSRUWWHUPLQDORUWRDEXONFDUJRWHUPLQDOZLWKVRPHDOWHUDWLRQLQSRUW
FRQILJXUDWLRQ
5HVHDUFKDFWLYLW\DQGWKHNH\ILQGLQJVDQGRXWFRPHVRIWKHVWXG\DUHVXPPDULVHGIRU
WKHSXUSRVHVRIWKLVH[HFXWLYHVXPPDU\DFFRUGLQJWRIRXUGRPDLQVDVVKRZQEHORZ
$VVHWUHJLVWHUDQG'PDSSLQJ
$PDMRU UHVHDUFK DFWLYLW\ LQYROYHG WKH GHYHORSPHQW RI D FRPSUHKHQVLYH*HRJUDSKLF
,QIRUPDWLRQ 6\VWHP *,6 EDVHG DVVHWV GDWDEDVH $VVHWV 5HJLVWHU 7KLV KDV WKH
GLVWLQFWDGYDQWDJHRISURYLGLQJDYLVXDODVVHWPDQDJHPHQWWRROVLJQLILFDQWLQVSDWLDOO\
GHSHQGHQW EXVLQHVVHV VXFK DV SRUW ORJLVWLFV RSHUDWLRQV 7KH *,6 DVVHWV GDWDEDVH
LGHQWLILHGDQGPDSSHGFRUHRSHUDWLRQDODVVHWVIRUVHDODQGDQGVHDODQGLQWHUIDFHVDV
WKH EDVLV IRU WKH DQDO\VLV RI FRUH ORJLVWLFV RSHUDWLRQV 7KH GDWDEDVH DOVR FROODWHG
LQIRUPDWLRQRQRZQHUVKLSTXDQWLW\DQGW\SHVRIDVVHWVDVZHOODVDVVHWPDLQWHQDQFH
DQG XWLOLVDWLRQ UHODWHG UHFRUGV WR DVVLVW LQ DVVHW YDOXDWLRQ DVVHW OLIHF\FOH DQG
SHUIRUPDQFHDVVHVVPHQW
,QDGGLWLRQDQRYHUOD\RIFRUHRSHUDWLRQDODVVHWVVXSSRUWHGE\WKH'PDSSLQJZDV
XVHG WR LGHQWLI\ WKH SHUFHLYHG OHYHOV RI YXOQHUDELOLW\ RI SRUW DVVHWV7KLV DVVHVVPHQW
ZDV IUDPHG XVLQJ D YXOQHUDELOLW\ PDWUL[ %RWWRPXS DQDO\VLV LGHQWLILHG WKH FOLPDWH
YDULDEOHV RI PRVW FRQFHUQ DV WURSLFDO F\FORQHV *ODGVWRQH KLJK ZLQG VSHHGV 3RUW
.HPEODDQGVWRUPVXUJHDQGWLGHV6\GQH\7KHDVVHWVRIPRVWFRQFHUQZHUHKLJK
LPSDFW WHFKQLFDO HTXLSPHQW VKRUH DQG VKLS FUDQHV DQG VRPH SK\VLFDO SURWHFWLRQ
DVVHWV $QDO\VLV LQGLFDWHG YDU\LQJ SHUFHSWLRQVDERXW WKH WKUHDW RI VHDOHYHO ULVH WR D
UDQJHRIIXQFWLRQDODVVHWV
'XHWRWKHWLPLQJRIWKH'PRGHOOLQJDFWLYLW\WKHLPSDFWRIVHDOHYHOULVHZDVEDVHG
RQµRIIWKHVKHOI¶GDWDWKH&6,52KLJKHPLVVLRQVVFHQDULRIRU3RUW.HPEOD7KHPRGHO
DQGVLPXODWLRQFUHDWHGIRU WKLVVWXG\ LV WUDQVIHUDEOHDQGFDQDOVREHDSSOLHG WRRWKHU
SRUWVWRGHWHUPLQHWKHLPSDFWVRIH[WUHPHHYHQWVRQSRUWORJLVWLFVRSHUDWLRQV
5HVXOWVIURPWKH'PRGHOOLQJVKRZWKDWWKHLPSDFWRI WKLVVFHQDULRIRU3RUW.HPEOD
ZRXOGSUREDEO\EHORZWRPRGHUDWHUHVXOWLQJLQPLQRULQXQGDWLRQDQGVRPHLPSDFWRQ
RSHUDWLRQDO DVVHWV +RZHYHU IXUWKHU µJURXQG WUXWKLQJ¶ DW WKH DVVHW OHYHO LV
UHFRPPHQGHG
0RGHOOLQJWKH,PSDFWVRI&OLPDWH5HODWHG([WUHPH(YHQWV
7KH GHYHORSPHQW RI D &RQWDLQHU 7HUPLQDO 2SHUDWLRQ 6LPXODWRU &726 XVHG D
FRPELQDWLRQRIDVVHW LPSDFWDVVHVVPHQWDQGFOLPDWHFKDQJHGDWD IRU WKH WKUHHFDVH
VWXG\ SRUWV 7KH PRGHO LV XQGHUSLQQHG E\ DJHQW EDVHG PRGHOOLQJ DQG VLPXODWLRQ
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

$%06 ZKLFK DOORZV LQGLYLGXDO DFWRUVQRGHV LQ D SURFHVV WR EH LQGHSHQGHQWO\
HQFRGHGZLWKRSHUDWLRQDOUXOHVLQRUGHUWRREVHUYHWKHFROOHFWLYHEHKDYLRXU$%06WKXV
DOORZVWKHORJLVWLFVSHUIRUPDQFHRIRSHUDWLRQDODVVHWVWREHLQGLYLGXDOO\DQGFROOHFWLYHO\
PRGHOOHG%\HQFRGLQJWKHRSHUDWLRQDOUXOHVRILQGLYLGXDORSHUDWLRQDODVVHWVLHQRGHV
LQ WKHSURFHVVZRUNIORZ WKH OLNHO\ LPSDFWRIFOLPDWHHYHQWVRQ WKHEXVLQHVVSURFHVV
IORZ ZKHQ WKH SHUIRUPDQFH RI GLIIHUHQW RSHUDWLRQDO DVVHW QRGHV UHGXFH WR D VXE
RSWLPXP OHYHO FDQ EH PHDVXUHG DQG FRPSDUHG &726 SURYLGHV D JHQHULF LQWHU
RSHUDEOHDJHQWEDVHGVLPXODWLRQWRROWKDWFDQEHDSSOLHGDFURVVDZLGHUDQJHRISRUWV
7KHUHVXOWVRIWKHVLPXODWLRQVVKRZHGWKDWZKLOHWKHLPSDFWGXHWRWKHVHHYHQWVZHUH
RIUHODWLYHO\PLQRUVLJQLILFDQFHRQFRQWDLQHUUHODWHGRSHUDWLRQVUDLQDQGKLJKZLQGKDG
WKHPRVW LPSDFWZKLOH IORRGLQJ LQ WKH \DUG DUHD LPSDFWHG RSHUDWLRQV RI WKH VWUDGGOH
FDUULHUV OHDGLQJ WR EDFNORJ TXHXHV IRU WUXFNV 8VLQJ DQQXDO KRW GD\V RFFXUULQJ DW
SUHVHQWDQGSURMHFWHGIRUWKHOLNHO\DQQXDOLPSDFWGXHWRKLJKWHPSHUDWXUHGD\V
ZDVHVWLPDWHGWREHDSURGXFWLYLW\ORVVRIFRQWDLQHUVSHU\HDUDQGFRQWDLQHUV
SHU \HDU UHVSHFWLYHO\7KLV LV OHVV WKDQRI WKHDQQXDO FRQWDLQHU YROXPHRI WKH
SRUW+RZHYHULW LVLPSRUWDQWWRQRWHWKDWWKHFRPSRXQGHGLPSDFWVRIZHDWKHUHYHQWV
RFFXUULQJDFURVVD\HDUZHUHQRWPRGHOOHG
7KHYDULRXVPRGHOOLQJRXWSXWVKRZHYHUDUHVHQVLWLYHWRRQJRLQJRSHUDWLRQDOFKDQJHV
DQG SRWHQWLDO HUURUV LQ H[LVWLQJ GDWD 7KXV UHDOLVWLF GHWHUPLQDWLRQ ZLOO KDYH WR EH
G\QDPLFDQGUHLWHUDWHGDVQHZGDWDDULVH)XUWKHUJURXQGWHVWLQJDWWKHDVVHWOHYHO LV
DOVRUHFRPPHQGHG
:RUNIRUFHDGDSWLYHFDSDFLW\
3RUWV QHHG WR LQWHJUDWH FOLPDWH FKDQJH DGDSWDWLRQ DV SDUW RI WKHLU ZLGHU ULVN
PDQDJHPHQW VWUDWHJLHV DV ZHOO DV WKHLU VXVWDLQDEOH GHYHORSPHQW DJHQGD :KLOVW
VXVWDLQDELOLW\ LVVXHV DUH LQFUHDVLQJO\ LPSRUWDQW WR EXVLQHVVHV JHQHUDOO\ LW FDQ EH
DUJXHGWKDW WKHFRQVLGHUDWLRQRIFOLPDWHFKDQJHLPSDFWVQHHGVWREHPRUHFHQWUDO WR
WKH DFWLYLW\ RI PDQ\ RUJDQLVDWLRQV &OLPDWH ULVNV KDYH WKH SRWHQWLDO WR LPSDFW RQ
HFRQRPLF SURILWDELOLW\ DQG DV VXFK QHHG WR EH LQWHJUDWHG LQWR H[LVWLQJ FRUSRUDWH ULVN
PDQDJHPHQWVWUDWHJLHVDQGSURFHVVHV
)LQGLQJV IURP WKH DQDO\VLV RI DGDSWLYH FDSDFLW\ VXJJHVW WKDW LQWHJUDWLRQ FDQ EH
SURPRWHG WKURXJK FOLPDWH FKDQJH FKDPSLRQV ZLWKLQ WKH UDQNV RI &(2 DQG VHQLRU
H[HFXWLYHV $ZDUHQHVV UDLVLQJ DQG WUDLQLQJ FDQ OHQG LPSHWXV WR WKH RUJDQLVDWLRQDO
FXOWXUDOFKDQJHWKDWPD\EHQHFHVVDU\7KHVWUHQJWKHQLQJRIDGDSWLYHFDSDFLW\ZLOODOVR
EHHQKDQFHGE\PDLQVWUHDPLQJFOLPDWHFRQVLGHUDWLRQVLQWRH[LVWLQJULVNHYDOXDWLRQDQG
ZRUNIRUFH PDQDJHPHQW DQG RSHUDWLRQDO V\VWHPV 2QH VXFK H[DPSOH UHODWHV WR WKH
RQJRLQJ UHDVVHVVPHQW RI FOLPDWH WKUHVKROGV IRU HQKDQFHPHQW RI FXUUHQW 2+	6
SURFHGXUHVLQRUGHUWRXSGDWHDQGJXLGHWKHDFWLRQVEHKDYLRXUVDQGSUDFWLFHVRIWKH
SRUWZRUNIRUFH+HUHDJDLQ IXUWKHUDZDUHQHVV WUDLQLQJ IRUH[HFXWLYHVDQGVWDIIZRXOG
DOVREHEHQHILFLDO
&OLPDWHFKDQJHDGDSWDWLRQVWUDWHJLHV
&OLPDWH FKDQJH DGDSWDWLRQ LV KLJKO\ FRQWH[W VSHFLILF VR JHQHULF DGDSWDWLRQ DFWLRQV
FDQQRWEHDGRSWHGZLWKRXWDSSURSULDWHVLWHVSHFLILF LQYHVWLJDWLRQ)RUWKLVUHDVRQWKLV
UHVHDUFK UHFRPPHQGV SRUW DXWKRULWLHV XQGHUWDNH D ORFDWLRQVSHFLILF FOLPDWH ULVN
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

DVVHVVPHQWEXLOGLQJRQWKH$61=6,625LVN0DQDJHPHQWVWDQGDUG$OOSRUWV
ZLOO JHQHUDOO\ RSHUDWHD ULVNPDQDJHPHQW V\VWHP ZKLFKPD\RUPD\QRW EHDOLJQHG
ZLWKWKH$61=6,625LVN0DQDJHPHQW6WDQGDUG%\PRGLI\LQJWKLVDSSURDFK
WR LQFRUSRUDWH FXUUHQW GD\ YXOQHUDELOLWLHV WR H[WUHPH ZHDWKHU HYHQWV DV ZHOO DV
FRQVLGHULQJ IXWXUH FOLPDWH LPSDFWV WR FUHDWH D ³K\EULG ULVN YXOQHUDELOLW\´ DSSURDFK
ZRXOG DSSHDU WR EH VXLWHG WR SRUWV LQ WKDW LW DGGUHVVHV WZR RI WKH NH\ EDUULHUV WR
HIIHFWLYHFOLPDWHFKDQJHDGDSWDWLRQDWSRUWVWKDWRILQFRQVLVWHQF\LQSODQQLQJKRUL]RQV
DQG XQFHUWDLQW\ RI IXWXUH ORFDOLVHG FOLPDWH SURMHFWLRQV 7KH PHWKRGRORJ\ WKDW ZDV
GHYHORSHGFRYHULQJERWKSURFHVVHVDQGRXWFRPHVLVGHWDLOHGLQWKHVHSDUDWHSURMHFW
GRFXPHQWµ$GDSWDWLRQ*XLGHOLQHV¶
5HVHDUFKJDSV
$IXWXUHUHVHDUFKDJHQGDZRXOGDWWHPSWWRH[WHQGWKLVPRGHOOLQJIUDPHZRUNWRDVVHVV
WKHYXOQHUDELOLW\RIDZLGHUVXSSO\FKDLQQHWZRUNLQFOXGLQJFDVFDGLQJLPSDFWVDQGWKH
UHVXOWDQW VLPXODWHG IUHLJKW IORZ SHUWXUEDWLRQ DQG ORJLVWLFV GLVUXSWLRQV ,QWHJUDWLRQ RI
KLVWRULFDOGDWDRQWKHLPSDFWRIH[WUHPHZHDWKHUHYHQWVRQHIILFLHQF\OHYHOVRIWHUPLQDO
HTXLSPHQWDQGRSHUDWLRQVZLOOIXUWKHUHQKDQFHWKHUHOLDELOLW\RIWKHUHVXOWVSURGXFHGE\
&726 ,Q DGGLWLRQ µH[WUHPHV¶ GDWDZLWK D ORZHU VSDWLDO DQG WHPSRUDO JUDQXODULW\ ZLOO
SURYLGH PRUH UHOLDEOH HVWLPDWHV RI SHUIRUPDQFH GHWHULRUDWLRQ RI SRUW ORJLVWLFV
RSHUDWLRQV:KLOH&726LVUREXVWHQRXJKWRZRUNZLWKDYDLODEOHGDWDWKHDFFXUDF\RI
WKHRXWFRPHKRZHYHUGHSHQGVKHDYLO\RQWKHTXDOLW\UHVROXWLRQDQGUHOLDELOLW\RI LQSXW
GDWD,QVXPWKHUHSRUWUHFRPPHQGVPRUHUHVHDUFKLQWKLVDUHDDQGWKDWSRUWVXWLOLVHD
PRUHV\VWHPDWLFDQGGHWDLOHGDSSURDFK WRGDWDJDWKHULQJSDUWLFXODUO\ DV LW UHODWHV WR
H[WUHPH FOLPDWH FRQGLWLRQV DQG UHODWHG GLVUXSWLRQV DVVHW UHJLVWHUV DQG *,6UHDG\
GDWD
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

 INTRODUCTION  
7KHRYHUDUFKLQJDLPRI:RUN3DFNDJH:3LVWRGHYHORSDUHVHDUFKPHWKRGRORJ\
WKDW KDV WKH FDSDFLW\ WR V\VWHPDWLFDOO\ DVVHVV WKH YXOQHUDELOLW\ RI SRUW DVVHWV
LQIUDVWUXFWXUHDQGORJLVWLFVRSHUDWLRQVZLWKLQWKHSRUWSUHFLQFW7KHIRFXVRI:3ZDVWR
H[DPLQHWKHSRWHQWLDOLPSOLFDWLRQVRIIXWXUHFKDQJHVLQFOLPDWLFFRQGLWLRQVIRUSRUWVDQG
WKHLUFDWFKPHQWDUHDVWKHSUHSDUHGQHVVRISRUWVDQGSRUWDXWKRULWLHV WRFKDQJHVWKDW
DUHSHUFHLYHGDVGHWULPHQWDOWRSRUWRSHUDWLRQVDQGWKHDSSURDFKHVWKDWDUHQHFHVVDU\
WR EH DGRSWHG LQ RUGHU WR HQKDQFH WKH UHVLOLHQFH RI VHDSRUWV WR FOLPDWH FKDQJH ,Q
DFKLHYLQJ WKHVH DLPV:3 LQYHVWLJDWHG WKH FKDQJHV LQ SROLF\ DQG SUDFWLFH WKDW DUH
QHFHVVDU\ LQ RUGHU WR HQKDQFH WKH UHVLOLHQF\ RI $XVWUDOLDQ SRUWV WR IXWXUH FOLPDWLF
H[WUHPLWLHV
 5HVHDUFKTXHVWLRQV
7KH SXUSRVH RI WKLV UHVHDUFK ZDV WR GHYHORS D PHWKRGRORJLFDO IUDPHZRUN IRU
V\VWHPDWLFDOO\ LGHQWLI\LQJ WKH YXOQHUDELOLW\ RI SRUW DVVHWV LQIUDVWUXFWXUH DQG ORJLVWLFV
RSHUDWLRQV WR ZHDWKHUUHODWHG LPSDFWV DQG IXWXUH FOLPDWH FKDQJH LQ WKH FRQWH[W RI
$XVWUDOLDQSRUW7KLVZDVDFKLHYHGE\DQVZHULQJWKHIROORZLQJIRXUUHVHDUFKTXHVWLRQV
x :KDW DUH WKH NH\ YXOQHUDELOLWLHV RI SRUW IXQFWLRQDO DVVHWV DQG WR HDFK RI WKH
FOLPDWLFYDULDEOHV"
x +RZFDQWKHLPSDFWRIFOLPDWHFKDQJHRQSRUWRSHUDWLRQVDQGIUHLJKWGLVWULEXWLRQ
EHEHVWPRGHOOHGDQGVLPXODWHG"
x :KDW DGDSWDWLRQ VWUDWHJLHV DQG PHDVXUHV FRXOG EH LPSOHPHQWHG E\ SRUW
DXWKRULWLHV SDUWLFXODUO\ LQ WKH FRQWH[W RI PDLQVWUHDPLQJ FOLPDWH FKDQJH
FRQVLGHUDWLRQVLQWRH[LVWLQJULVNPDQDJHPHQWVWUDWHJLHV"
x :KDW SROLFLHV FDQ EH IRUPXODWHG WR LQFUHDVH LQGXVWU\ SUHSDUHGQHVV DQG KRZ
FDQWKH ODERXUIRUFHHQJDJHG LQSRUWVEHEHVW WUDLQHGWRPDQDJHSRWHQWLDO
FOLPDWHUHODWHGULVNV"
 6WXG\VFRSH
:3 FRPSULVHG IRXU LQWHUUHODWHG GRPDLQV WKURXJK ZKLFK WKH RYHUDUFKLQJ UHVHDUFK
TXHVWLRQ DQG VXEVLGLDU\ TXHVWLRQV ZHUH DGGUHVVHG VHH )LJXUH  7KHVH GRPDLQV
LQFOXGH
x 'RPDLQ  %XLOGLQJ DQ DVVHW UHJLVWHU DQG DVVHVVLQJ WKH YXOQHUDELOLW\ RI
SRUWDVVHWV
'RPDLQ  LQYROYHG WKH GHYHORSPHQW RI DQ DVVHW UHJLVWHU IRU WKH SRUW SUHFLQFW
WKURXJKWKHSURFHVVRIDVVHWLGHQWLILFDWLRQFKDUDFWHULVDWLRQDQGPDSSLQJ8VLQJ
D *HRJUDSKLF ,QIRUPDWLRQ 6\VWHP *,6EDVHG VSDWLDO PHWKRGRORJ\ WKLV
SURFHVVZDVRSHUDWLRQDOLVHGLQWKHFDVHVWXG\IRU3RUW.HPEOD7KLVH[HPSODU
SRUWZDVXVHGWRGHPRQVWUDWHDQLQQRYDWLYHYLVXDOLVDWLRQFDSDELOLW\WKDWSHUPLWV
DQ HQKDQFHG XQGHUVWDQGLQJ RI WKH YXOQHUDELOLW\ RI SRUW DVVHWV WR SDUWLFXODU
FOLPDWH FKDQJH HYHQWV LWV YDULDWLRQ DFURVV WKH SRUW SUHFLQFW DQG E\ YDULRXV
FOLPDWHFKDQJHHYHQWV$QH[DPSOHRIVHDOHYHOULVHLVJLYHQ7KHGHYHORSPHQW
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

RI D VSDWLDO UHJLVWHU RI &RUH 2SHUDWLRQDO $VVHWV SURYLGHG WKH QHFHVVDU\
IRXQGDWLRQDONQRZOHGJHIURPZKLFKD9XOQHUDELOLW\,QGH[LVFRQVWUXFWHGWKDWFDQ
EHXVHGWRGHYHORSDGDSWDWLRQVWUDWHJLHV
x 'RPDLQ&RQWDLQHUWHUPLQDORSHUDWLRQVVLPXODWLRQ&726
'RPDLQLQYHVWLJDWHGWKHSRVVLEOHLPSDFWRIFOLPDWHFKDQJHUHODWHGGLVUXSWLRQV
WR FRQWDLQHU WHUPLQDO RSHUDWLRQV WKURXJK WKH GHYHORSPHQW RI DQ DJHQWEDVHG
VLPXODWLRQWRRO:KLOHWKHDJHQWEDVHGVLPXODWLRQXVHGLQ&726FDQEHXVHGWR
UHSOLFDWH DQ\ SRUW SURFHVV WKLV GRPDLQ IRFXVHG RQ D FRQWDLQHU WHUPLQDO
&RQWDLQHUWUDGHLVZLGHO\XVHGDQGUDSLGO\JURZLQJWKXVSOD\LQJDPDMRUUROHLQ
WKH FRPPRGLW\ VXSSO\ FKDLQV ZKLFK DUH FRQQHFWHG WKURXJK SRUWV 7KH
PHWKRGRORJLHVHPEHGGHGZLWK&726KDYHWKHDELOLW\WREHVFDOHGWRVLPXODWH
FRQWDLQHUIORZVZLWKLQDFRQWDLQHUWHUPLQDOXQGHUGLIIHUHQWZHDWKHUVFHQDULRV
x 'RPDLQ$GDSWLYHFDSDFLW\RIWKHZRUNVKRSDQGVNLOOVSUHSDUHGQHVV
'RPDLQ  H[DPLQHG WKH DGDSWLYH FDSDFLW\ RI WKH ZRUNIRUFH DQG WKHLU ZRUN
SUDFWLFHVZLWKLQWKHSRUWVWRDVVHVVWKHLUSUHSDUHGQHVVWRPDQDJHFOLPDWLFVKLIWV
DQGH[WUHPHHYHQWV
x 'RPDLQ&OLPDWH&KDQJH$GDSWDWLRQ6WUDWHJLHV
7KLVGRPDLQLQWHJUDWHGILQGLQJVXQGHUDULVNPDQDJHPHQWIUDPHZRUNWRSURYLGH
JXLGDQFHIRUSRUWV LQGHYHORSLQJ WKHLUDGDSWDWLRQVWUDWHJLHV$GDSWLYHFDSDFLW\
DQGWKHLPSOHPHQWDWLRQRIRSWLRQVZHUHERWKFRQVLGHUHGDQGDUHKLJKOLJKWHGLQ
DVHSDUDWHVWDQGDORQHSURMHFWUHSRUW
7KHUHPDLQGHURIWKHUHSRUWLVRUJDQLVHGLQWRHLJKWEURDGVHFWLRQV)LUVWWKHUHVHDUFK
PHWKRGRORJLHV DUH RXWOLQHG LQ VHFWLRQ WZR IROORZHG E\ DQ RYHUYLHZ RI FOLPDWH GDWD
LQFOXGLQJ IXWXUH SURMHFWLRQV IRU WKH UHJLRQV LQ ZKLFK WKH VWXG\ SRUWV DUH ORFDWHG LQ
VHFWLRQ WKUHH 6HFWLRQV ˪ DQG ˪ HYDOXDWH WKH SHUFHSWLRQ RI DVVHW YXOQHUDELOLW\
XQGHUWDNHYXOQHUDELOLW\PDSSLQJDQGPRGHOOLQJVHDOHYHOULVHVIRUWKH3RUW.HPEODFDVH
VWXG\7KHFRQWDLQHU WHUPLQDORSHUDWLRQDOVLPXODWLRQ &726DQG WKH UHVXOWV IURPWKH
VLPXODWLRQUXQVDUHSUHVHQWHGLQVHFWLRQ˪6HFWLRQ˪H[DPLQHVWKHZRUNIRUFHDGDSWLYH
FDSDFLW\ ZKLOH VHFWLRQ  DGGUHVVHV WKH UHFRPPHQGDWLRQV IRU WUDLQLQJ RQ FOLPDWH
FKDQJH DGDSWDWLRQ WR UHVSRQG WR H[WUHPH ZHDWKHU HYHQWV 7KH FRQFOXVLRQ VHFWLRQ
VXPPDULVHVWKHNH\ILQGLQJV
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

 
Figure  1:  Research  design  
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Figure  2  Ports  Australia  members  list  with  the  study  ports  shown  in  yellow  (Ports  
Australia,  2010)  

7KH RSHUDWLRQDO HQYLURQPHQWV LQ SRUWV YDU\ ZLWK VRPH SRUWV EHLQJ UHODWLYHO\ VLPSOH
ZKLOVWRWKHUVDUHGLYHUVHDQGFRPSOH[LQWHUPVRIKDQGOLQJYDULRXVDQGGLIIHULQJW\SHV
RIIUHLJKW6RPHSRUWVDUHHTXLSSHGWRKDQGOHOLTXLGEXONHJRLORUGU\EXONHJFRDO
LURQ RUH DQG DJULFXOWXUDO SURGXFWV ZKLOVW RWKHUV GHDO ZLWK XQLWLVHG IUHLJKW HJ OLIW
RQOLIWRIIFRQWDLQHUVRU/R/RDQGUROORQUROORIIXQLWVRU5R5R0DQJDQDQG/DOZDQL
)XUWKHUPRUHVRPHSRUWVDUHH[SRUWRULHQWHGZKLOVWRWKHUVDUH ODUJHO\ IRFXVHG
RQLPSRUW
)LJXUHGHSLFWV WKH ORFDWLRQRIVRPHRI WKHNH\FRPPHUFLDOSRUWV LQ$XVWUDOLD 3RUWV
$XVWUDOLD  LQ ZKLFK WKH ORFDWLRQV IRU WKH FDVH VWXG\ SRUWV IRU WKLV WKLV VWXG\
GHSLFWHGDV\HOORZGRWV6HOHFWLRQRIWKHVHFDVHVWXG\SRUWVZDVSULQFLSDOO\JXLGHGE\
GLIIHUHQFHV ERWK LQ WKH W\SH DQG SURFHVVHV XQGHUWDNHQ WR WKH FDUJR WKH\ KDQGOH
FRXSOHGZLWKYDULDWLRQVEHWZHHQHDFKRIWKHSRUWVLQUHVSHFWWRIXWXUHFOLPDWLFLPSDFWV
$V VXFK WKH WKUHH SRUWV RIIHU WKH FDSDFLW\ WR DFFRXQW IRU D UDQJH RI YXOQHUDELOLWLHV
DFURVVGLYHUVHSRUWIXQFWLRQVDQGLQIUDVWUXFWXUHLQUHODWLRQWRDUDQJHRIFOLPDWHULVNV
 $XVWUDOLDQPDULWLPHWUDGH
3RUWV DUH SDUWLFXODUO\ FULWLFDO WR $XVWUDOLD¶V HFRQRPLF FRPSHWLWLYHQHVV JLYHQ WKDW
$XVWUDOLD LV UHVRXUFHULFK JHRJUDSKLFDOO\ LVRODWHG DQG KHDYLO\ GHSHQGHQW RQ
LQWHUQDWLRQDO PDULWLPH WUDQVSRUWDWLRQ IRU ERWK LWV LPSRUWV DQG H[SRUWV 7KH HFRQRPLF
VLJQLILFDQFH RI SRUWV LV HYLGHQW WKURXJK WKH VL]H RI LQWHUQDWLRQDO DQG GRPHVWLF FDUJR
 PLOOLRQ WRQQHV KDQGOHG E\ $XVWUDOLDQ SRUWV EHWZHHQ  DQG  /0,8
 )LJXUH  VKRZV WKH FRPSRVLWLRQ RI FDUJR ZLWK UHVSHFW WR H[SRUW LPSRUW DQG
GRPHVWLF
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

,QYDOXHWHUPVWKHH[SRUWVDFFRXQWHGIRUELOOLRQDQGLPSRUWVELOOLRQZLWK
D WRWDO YDOXH RI ELOOLRQ RI LQWHUQDWLRQDO IUHLJKW KDQGOHG E\ SRUWV LQ$XVWUDOLD LQ

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Figure  3  Cargo  by  type  between  2009-­11  
6KLS WUDIILF RI  VKLSV ZDV UHFRUGHG LQ ZLWK D WRWDO RI  SRUW FDOOV
PDGH E\ LQWHUQDWLRQDO DQG GRPHVWLF VKLSV /0,8  7KH GLVWULEXWLRQ RI WUDIILF
DFURVVWKHGLIIHUHQWVWDWHVVLQFHKLJKOLJKWVDJHQHUDOWUHQGRIJURZWKLQSRUWV
EDVHGLQ4XHHQVODQGDQG:HVWHUQ$XVWUDOLDVHH)LJXUH:KLOHWKHQXPEHURISRUW
FDOOV GHFOLQHG LQ  WKH IOXFWXDWLRQV VHHP WR IROORZ D QDWXUDO UHJXODU KLVWRULFDO
SDWWHUQLQ)LJXUH
7KHPDMRULW\RI WKHFDUJRKDQGOHGE\$XVWUDOLDQVHDSRUWV LV LQWKHEXONFDWHJRU\HJ
FRDOLURQRUHDQGZKHDW,QSHUFHQWRIWKHLQWHUQDWLRQDOFDUJRZDVEXON
RXWRIWKHPLOOLRQWRQQHVKDQGOHGYLD$XVWUDOLDQSRUWV7KHIROORZLQJILJXUHVVKRZ
WKH VWHDG\ JURZWK LQ EXON DQG FRQWDLQHULVHG FDUJR KDQGOHG E\ $XVWUDOLDQ SRUWV
$FFRUGLQJWRWKH%,75(SRUWFDOOVWR$XVWUDOLDQSRUWVE\ERWKFRQWDLQHULVHGDQG
EXONFDUJRVKLSVDUHWRJURZOLQHDUO\)LJXUHZLWKWUHQGVLQJHQHUDOFDUJRDQGRWKHU
W\SHVRIYHVVHOVWRUHPDLQFRQVWDQW)LJXUH

Figure  4  Number  of  ships  (data  source:  LMIU  2010)  

(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV
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
Figure  5  Number  of  port  calls  (data  source:  LMIU  2010)  


Figure  6  Bulk  and  non-­bulk  cargo  (data  source:  LMIU  2010)  
    
Figure  7  Containerised  cargo  (data  source:  BITRE  2010)  
  
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

 7KHFDVHVWXG\SRUWV
7KUHHSRUWVZHUHVHOHFWHGIRUWKHVWXG\QDPHO\*ODGVWRQH3RUWV&RUSRUDWLRQ6\GQH\
3RUWV&RUSRUDWLRQDQG3RUW.HPEOD3RUW&RUSRUDWLRQ7KH WKUHHSRUWVDUHDOO ORFDWHG
RQWKHHDVWFRDVWRI$XVWUDOLD)LJXUHDQGYDU\LQWKHW\SHRIFDUJRWKH\KDQGOHDQG
WKHKDQGOLQJSURFHVVHV7DEOH7KHVWXG\SRUWV¶ ORFDWLRQVVSUHDGRYHUWZRVWDWHV±
1HZ 6RXWK :DOHV DQG 4XHHQVODQG ± EULQJLQJ GLYHUVLW\ LQ JHRJUDSK\ DQG FOLPDWLF
FRQGLWLRQV

Figure  8  Location  of  case  study  ports  

*ODGVWRQH3RUWV&RUSRUDWLRQLQWKHWRZQRI*ODGVWRQHLVWKHVLQJOHSRUWORFDWHGLQWKH
VWDWHRI4XHHQVODQGRIWKHWKUHHVWXG\DUHDSRUWV*ODGVWRQHSUHGRPLQDQWO\GHDOVZLWK
FRDODOXPLQDDOXPLQLXPDQGFHPHQWDQG LV LQ WKHZRUOG¶V WRS ILYHSRUWV IRUKDQGOLQJ
FRDO,QWKHILQDQFLDO\HDUDQH[FHVVRIPLOOLRQWRQQHVRIFRDOZDVKDQGOHG
DWWKHSRUWVWZRH[SRUWWHUPLQDOV5*7DQQDDQG%DUQH\3RLQW
6\GQH\3RUWV&RUSRUDWLRQLQ1HZ6RXWK:DOHVLVWKHELJJHVWRIWKHWKUHHSRUWVDQGLV
VSUHDG RYHU VL[ ORFDWLRQV WKURXJKRXW 6\GQH\ &RQWDLQHULVHG JRRGV DUH WKH PDLQ
FRPPRGLW\KDQGOHGDW6\GQH\3RUWV,WLV$XVWUDOLD¶VVHFRQGODUJHVWFRQWDLQHUSRUWZLWK
RYHUPLOOLRQFRQWDLQHUVKDQGOHGZLWKLQWKHSRUWGXULQJWKHILQDQFLDO\HDU2XU
IRFXVZDVOLPLWHGWRDVLQJOHWHUPLQDORSHUDWRU'XHWRVHQVLWLYLWLHVDURXQGLQIRUPDWLRQ
FROOHFWHGWKHQDPHRIWKHWHUPLQDORSHUDWRUIRU3RUWRI6\GQH\XVHGDVDFDVHVWXG\
FDQQRWEHUHYHDOHG
$OVR ORFDWHG LQ1HZ6RXWK:DOHV DURXQGNP VRXWKZHVW RI6\GQH\ LV WKH3RUW
.HPEOD3RUW&RUSRUDWLRQ LQ WKH WRZQRI3RUW.HPEOD0DMRUSURGXFWVKDQGOHGDW3RUW
.HPEODLQFOXGHFRDODQGFRNHVWHHOPRWRUYHKLFOHVDQGPDFKLQHU\DQGJUDLQ$URXQG
WKUHHTXDUWHUVRIFDUJRKDQGOHGDW3RUW.HPEODLVEXON7KHUHVWLVJHQHUDOFDUJR
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

$OOWKUHHSRUWVDUHFDSDEOHRIKDQGOLQJFRQWDLQHULVHGJRRGV


3RUW&RUSRUDWLRQ 7UDGHRYHUYLHZ
*ODGVWRQH x 0DMRUSURGXFWVLQFOXGHFRDODOXPLQDDOXPLQLXPDQGFHPHQW
x /DUJHVWH[SRUWFRPPRGLW\LVFRDOZKLFKUHSUHVHQWVRI
WKHWRWDOFDUJRH[SRUWHGWKURXJKWKHSRUWFRNLQJ
WKHUPDO
x ,QWKHZRUOG¶VWRSILYHFRDOH[SRUWSRUWVKDQGOLQJLQH[FHVVRI
PLOOLRQWRQQHVRIFRDOSHUDQQXP
x ,QWHUQDWLRQDOO\UHFRJQLVHGDVDPDMRUEXONSRUWEXWDOVRFDWHUV
WRDOOIRUPVRIFRQWDLQHULVHGDQGJHQHUDOFDUJRHV
x 2QDYHUDJHRYHUPLOOLRQWRQQHVRIFRDOLVKDQGOHGSHU
DQQXPDWWKHSRUWVWZRH[SRUWWHUPLQDOV5*7DQQDDQG
%DUQH\3RLQW
6\GQH\ x $XVWUDOLD¶VVHFRQGODUJHVWFRQWDLQHUSRUW
x ,PSRUWHGFRPPRGLWLHVVXFKDVPDQXIDFWXUHVKRXVHKROG
FRQVXPDEOHVPDFKLQHU\DQGHTXLSPHQWFKHPLFDOVSDSHU
DQGSDSHUUHODWHGSURGXFWVSUHSDUHGIRRGJRRGVDQGIUXLW
DQGYHJHWDEOHVWR6\GQH\DQG16:
x )RUWKHILQDQFLDO\HDUWRWDOQXPEHURIFRQWDLQHUV
KDQGOHGDW6\GQH\ZDVRYHUPLOOLRQ7(8V
3RUW.HPEOD x 0DMRUSURGXFWVLQFOXGHFRDODQGFRNHVWHHOPRWRUYHKLFOHV
DQGPDFKLQHU\DQGJUDLQ
x /DUJHVWH[SRUWFRPPRGLW\LVFRDODQGFRNHIROORZHGE\
VWHHODW
x /DUJHVWLPSRUWFRPPRGLW\LVVWHHODQGPRWRUYHKLFOHV
DQGPDFKLQHU\
x EXONFDUJRJHQHUDOFDUJR
x 2YHUPLOOLRQWRQQHVRIFRPPRGLWLHVZHUHWUDGHGLQWKH
ILQDQFLDO\HDU
Table  1  Trade  overview  of  case  study  ports  

)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

 METHODOLOGY  
6HFWLRQ  SUHVHQWV WKH UHVHDUFKPHWKRGRORJ\ WKDW ZDV DGRSWHG WR HYDOXDWH YDULRXV
UHVHDUFKGRPDLQVGHVFULEHGLQ6HFWLRQ(QKDQFLQJWKHUHVLOLHQFHRIDSRUWWRFOLPDWLF
FKDQJHVDQGLWVYXOQHUDELOLW\WRH[WUHPHHYHQWVUHTXLUHVDELQLWLRDQXQGHUVWDQGLQJRI
WKHIDFLOLWLHVDVVHWVDQG LQIUDVWUXFWXUH WKDWPDNHXS LWV ORJLVWLFVRSHUDWLRQV$WDKLJK
OHYHO WKHPHWKRGRORJ\ZHGHYHORSHGIROORZVWKH ILYHEURDGVWDJHVDV OLVWHGEHORZ LQ
)LJXUHZKLOHWKHUHODWLRQVKLSVDQGGDWDIORZEHWZHHQWKHGLIIHUHQWGRPDLQVDUHVKRZQ
LQVHFWLRQ)LJXUH

Figure  9  Main  steps  of  the  methodology  
 6HOHFWLRQRIFDVHVWXG\SRUWV
7KUHHFDVHVWXG\SRUWVZHUHVHOHFWHGIRUWKLVUHVHDUFKWRDFFRXQWIRUWKHYXOQHUDELOLW\
RI GLIIHUHQW W\SHV RI SRUWV SRUW IXQFWLRQV DQG LQIUDVWUXFWXUH WR D UDQJH RI GLIIHUHQW
FOLPDWH ULVNV 7R WKLV HQG D V\VWHPDWLF DSSURDFK WR SRUW VHOHFWLRQ ZDV DGRSWHG WR
HQVXUH WKDW D UDQJHRISRUW RSHUDWLRQVDFURVV WKH$XVWUDOLDQSRUWVDQGDGLYHUVLW\RI
JHRJUDSKLFDQGFOLPDWLFFRQGLWLRQVZHUHUHSUHVHQWHG7KHVHOHFWLRQRISRUWVZDVGULYHQ
E\WKHIROORZLQJILYHFULWHULD

x 3RUWVWREHUHSUHVHQWDWLYHRIDWOHDVWWZRGLIIHUHQWFOLPDWLFUHJLPHV
x 5HSUHVHQWDWLYHRIDUDQJHRISRUWRSHUDWLRQV LQIRUPHGWKURXJKWKHDSSOLFDWLRQ
RIDIXQFWLRQDOW\SRORJ\VFUHHQLQJSURFHVV
x ,PPHGLDWH SRUW HQYLURQV WR EH FRPSULVHG RI GLIIHUHQW W\SHV RI SK\VLFDO
LQIUDVWUXFWXUHOLQNHGWRDERYH
x *HRJUDSKLFVHWWLQJDOWKRXJKQRWDQLQLWLDOFRQVLGHUDWLRQLWEHFDPHHYLGHQWWKDW
WKLVDGGLWLRQDOLQIOXHQFHPD\KDYHDEHDULQJRQUHVHDUFKILQGLQJVDQGQHHGVWR
EHH[SOLFLWO\FRQVLGHUHGDVSDUWRIWKHIRUZDUGSURJUDP
x 3RUWV¶ZLOOLQJQHVVWRSDUWLFLSDWHLQWKHVWXG\

0HHWLQJWKHFULWHULDDQGIROORZLQJSRVLWLYHGLVFXVVLRQVDQGFODULILFDWLRQRIWKHSURMHFW¶V
DLPVDQGREMHFWLYHVWKHSRUWDXWKRULWLHVVHOHFWHGIRUWKHSURMHFWZHUH

x *ODGVWRQH3RUWV&RUSRUDWLRQ
x 3RUW.HPEOD3RUW&RUSRUDWLRQ
x 6\GQH\3RUW&RUSRUDWLRQ
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV


 ,GHQWLILFDWLRQRIFOLPDWHGDWD
7KHGDWD UHODWHG WR FOLPDWH FKDQJHVSHFLILF WR WKH UHJLRQV DQG UHOHYDQW IRU WKH FDVH
VWXG\ SRUWV ZHUH REWDLQHG WKURXJK &6,52 DQG WKH %XUHDX RI 0HWHRURORJ\ LQ FORVH
FRQVXOWDWLRQZLWK:RUN3DFNDJH:3

 $VVHWLGHQWLILFDWLRQDQGPDSSLQJ
7KH REMHFWLYH RI WKLV VWDJH ZDV WR LGHQWLI\ DOO DVVHWV DQG FUHDWH D UHJLVWHU ZKLFK
HQXPHUDWHV WKHP GHVFULEHV WKHLU IXQFWLRQV DQG GHWHUPLQHV WKHLU RSHUDWLRQDO
RZQHUVKLSDQGORFDWLRQ7\SLFDOO\DVVHWVDUHFOXVWHUHGE\ORFDWLRQRIXVHLQDVHTXHQFH
RI ORJLVWLFV RSHUDWLRQV KHQFH WKH QHHG WR GHOLQHDWH WKH SRUW HQYLURQV LQWR WKUHH NH\
DUHDVQDPHO\VHDVLGHVHDODQGLQWHUIDFHDQGODQGVLGH7KLVJHRJUDSKLF
GLVWLQFWLRQDOVRDOORZVWKHUHFRJQLWLRQRIKRZFOLPDWLFYXOQHUDELOLW\GLIIHUVDFURVVWKHVH
WKUHH]RQHVDFFRUGLQJWRZKHUHWKHDVVHWVDUHRSHUDWLQJZLWKLQWKHSRUWSUHFLQFW7KH
PHWKRGRORJ\DGRSWHGKHUHZDVDSSOLHGWR3RUW.HPEODDVDFDVHVWXG\IRUWKHJHQHULF
PRGHOOLQJ 7KLV ILUVW UHTXLUHG D FRPSUHKHQVLYH UHJLVWHU RI DOO FRUH RSHUDWLRQDO SRUW
DVVHWV WR EH DVVHPEOHG WKDW LQFOXGHG WKHLU ORFDWLRQV WR EH PDSSHG VXFK WKDW WKHLU
YXOQHUDELOLW\WRFOLPDWLFHYHQWVFRXOGWKHQEHDVVHVVHG
 ,GHQWLI\LQJVWXG\SDUDPHWHUVDQGDGRSWLQJDFDVHEDVHGDSSURDFK
x )RUPDOPHHWLQJVDQGDZRUNVKRSZLWKVWDNHKROGHUVIURPDOOSRUWVLQWKHVWXG\
7KHVH HOLFLWHG VWDNHKROGHU YLHZV RQ H[LVWLQJ KD]DUGV YXOQHUDELOLWLHV DQG
LQGLYLGXDOFRQFHUQVDVZHOODVDVFHUWDLQLQJWKHLUQHHGV
x 1RUPDOSRUWRSHUDWLRQVZHUHVWXGLHGWRSURYLGHEDFNJURXQGLQIRUPDWLRQDQGWR
GHWHUPLQHLI3RUW.HPEODZRXOGSURYLGHDVXLWDEOHFDVHIRUPRGHOEXLOGLQJ
x 3RUW .HPEOD ZDV GHFLGHG XSRQ DV WKH FDVH VWXG\ WHPSODWH IRU WKH SURMHFW
EHFDXVH RI LWV VXLWDELOLW\ DV GLVSOD\HG WKURXJK WKH YDULHW\ RI IDFLOLWLHV DQG
GLYHUVLW\RIIUHLJKWKDQGOHG
 'DWDJDWKHULQJDQGVWDNHKROGHUFRQVXOWDWLRQ
x 6WDNHKROGHUPHHWLQJVZHUHKHOGZLWKNH\SRUWSHUVRQQHOGXULQJDVLWHYLVLWDQG
VXEVHTXHQWO\ PDLQWDLQHG WKURXJK IUHTXHQW HOHFWURQLF DQG WHOHSKRQH
FRPPXQLFDWLRQ
x 0DSVHQJLQHHULQJVFKHPDWLFVDQGDQHQJLQHHULQJEDVHGUHJLVWHURISRUWDVVHWV
ZHUHSURYLGHGE\ WKH3RUW$XWKRULW\DQG LQIRUPDWLRQ LQ WKHSXEOLFGRPDLQZDV
YHWWHGIRULQFOXVLRQ
x 7KH HQJLQHHULQJ DVVHW UHJLVWHU ZDV ILOWHUHG IRU DVVHWV WKDW ILW WKH FDWHJRU\ RI
FRUHRSHUDWLRQDODVVHWV&2$V
x 7KH HQJLQHHULQJ DVVHW UHJLVWHU ZDV DOVR FRQYHUWHG WR D GDWDEDVH WKDWZRXOG
HQDEOHPDSSLQJ
x 'DWD FROOHFWHG RQ HDFK &2$ LQFOXGHG RSHUDWLRQV ORFDWLRQ LQ WKH ORJLVWLFV
VHTXHQFH RI VHDVLGH VHDODQG LQWHUIDFH DQG ODQGVLGH DQG WKH QXPEHU DQG
RZQHUVKLSRIDVVHWVQRWHG

*,6HQFRGLQJDQGYLVXDOL]DWLRQ
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

x *HRUHIHUHQFLQJ RI WKH DVVHWVZDV FRPSOHWHG XVLQJ GDWD VXSSOLHG E\ WKH3RUW
$XWKRULW\ DQG ORFDO FRXQFLO :ROORQJRQJ &RXQFLO 7KLV SURYLGHG ' DQG '
YLVXDOLVDWLRQVRISRUWDVVHWV

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Figure  10  Framework  for  climate  impact  assessment  on  port  operations  
 $VVHWYXOQHUDELOLW\DVVHVVPHQW
7KLV VWDJH RI WKH PHWKRGRORJ\ LQYROYHG DQ DVVHVVPHQW RI WKH SHUFHSWLRQ RI
YXOQHUDELOLW\ DQG WKUHDWV WR SRUW DVVHWV DQG ORJLVWLFV RSHUDWLRQV DFURVV NH\ DUHDV RI
VHDVLGH VHDODQG LQWHUIDFHDQG ODQGVLGH ,W LQYROYHGD FURVVFDVHHYDOXDWLRQRI WKH
WKUHHFDVHVWXG\SRUWV'DWDIRUWKLVVWDJHZDVFROOHFWHGDQGFROODWHGWKURXJKDQXPEHU
RIVRXUFHVWKDWHPSOR\HGDYDULHW\RIPHWKRGV7KHVHLQFOXGHG
x )RUPDOPHHWLQJVDQGDZRUNVKRSZLWKVWDNHKROGHUVIURPDOOSRUWVLQWKHVWXG\
7KHVH HOLFLWHG VWDNHKROGHU YLHZV RQ H[LVWLQJ KD]DUGV YXOQHUDELOLWLHV DQG
LQGLYLGXDOFRQFHUQVDVZHOODVDVFHUWDLQLQJWKHLUQHHGV
x 6WDNHKROGHUPHHWLQJVZHUHKHOGZLWKNH\SRUWSHUVRQQHOGXULQJDVLWHYLVLWDQG
VXEVHTXHQWO\ PDLQWDLQHG WKURXJK IUHTXHQW HOHFWURQLF DQG WHOHSKRQH
FRPPXQLFDWLRQ
%XLOGLQJDQDJHQWEDVHG
FRQWDLQHUWHUPLQDOVLPXODWRU


$VVHWLGHQWLILFDWLRQDQG
PDSSLQJ

'HILQLQJLPSDFWVRQWKH
OHYHOVRIRSHUDWLRQDO
HIILFLHQF\

0HDVXULQJLPSDFWVXVLQJ
&726


&OLPDWH,PSDFW$VVHVVPHQW
0DWUL[

$VVHWLPSDFWYXOQHUDELOLW\
DVVHVVPHQW


$GDSWLYHZRUNIRUFH
FDSDFLW\EXLOGLQJ


&OLPDWHDGDSWDWLRQ
VWUDWHJLHV

 :3,QWHJUDWHG
)UDPHZRUN


9XOQHUDELOLW\PDSSLQJRI
DVVHWV


,GHQWLILFDWLRQRI&OLPDWH
'DWD


6HDOHYHOULVHPDSSLQJIRU
3.3&


(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

x $ VXEMHFWLYH DVVHVVPHQW RI GLIIHUHQW FOLPDWLF HYHQWV LPSDFWLQJ RQ SRUW
RSHUDWLRQVDQGDVVHWVDVFHUWDLQHGWKURXJKYXOQHUDELOLW\UDWLQJVXVLQJDFOLPDWH
LPSDFWDVVHVVPHQWPDWUL[DFURVVGLIIHUHQWFOLPDWHUHJLPHVDQGSRUWW\SHVLH
UHVRXUFHSRUWYHUVXVFRQWDLQHUSRUW
x ,QWHJUDWLRQRIOLNHO\LPSDFWVRINH\FOLPDWLFHYHQWVRQSRUWHIILFLHQF\OHYHOV
x &RQVWUXFWLRQRIFOLPDWHFKDQJHVFHQDULRVEDVHGRQ&6,52DQG%R0FOLPDWH
SURMHFWLRQVIRUVLPXODWLQJWKHOLNHO\LPSDFWVRQORJLVWLFVRSHUDWLRQV
 2SHUDWLRQVLPSDFWDVVHVVPHQW&RQWDLQHU7HUPLQDO2SHUDWLRQDO
6LPXODWLRQ
7KH REMHFWLYH RI WKLV FRPSRQHQW ZDV WR GHVLJQ DQ LQWUDSRUW ZRUNIORZ V\VWHP WR
VLPXODWH WKH YXOQHUDELOLW\ RI SRUW RSHUDWLRQV WR H[WUHPH ZHDWKHU HYHQWV DQG IXWXUH
FOLPDWH FKDQJH VFHQDULRV $ VLQJOH WHUPLQDO ZLWKLQ WKH 3RUW RI 6\GQH\ ZDV XVHG DV
FRQWH[WWRGHYHORSWKLVPRGHOKRZHYHUFDUHZDVWDNHQLQLWVGHVLJQWRHQVXUHWKDW LWV
DSSOLFDWLRQKDGWKHFDSDFLW\WREHEURDGHQHGWRLQFOXGHRWKHUWHUPLQDOVDWWKH3RUWRI
6\GQH\LQDGGLWLRQWRRWKHUSRUWV+RZHYHUGXHWRFRPPHUFLDOFRQILGHQWLDOLW\UHJDUGLQJ
GDWDWKHWHUPLQDORSHUDWRULVQRWQDPHG

%XLOGLQJWKHVLPXODWLRQLQYROYHGVL[VWHSV

x *DLQLQJ DQ XQGHUVWDQGLQJ RI FRQWDLQHU WHUPLQDO RSHUDWLRQV RSHUDWLRQDO
SDUDPHWHUV DQG NH\ SHUIRUPDQFH LQGLFDWRUV WKURXJK GLVFXVVLRQV ZLWK
VWDNHKROGHUVIURPWKHVHOHFWHGFRQWDLQHUWHUPLQDO
x ,GHQWLI\LQJ WKH FRUH RSHUDWLRQDO DVVHWV UHVRXUFHV DQG RSHUDWLRQV WR EH
VLPXODWHG
x %XLOGLQJDQDJHQWEDVHGGHVLJQRIWKHV\VWHP
x ,PSOHPHQWLQJ WKH GHVLJQ XVLQJ WKH -DFN $JHQW /DQJXDJH DQG -DYD
SURJUDPPLQJODQJXDJH
x ,GHQWLI\LQJ FOLPDWH VFHQDULRV WR EH VLPXODWHGZLWK LQSXW IURP VWDNHKROGHUV RQ
WKHFOLPDWHHYHQWVWKDWKDYHWKHPRVWLPSDFW
x 5XQQLQJ WKH VLPXODWLRQ XQGHU WKH YDULRXV LGHQWLILHG VFHQDULRV DVFHUWDLQHG LQ
VWHSILYHDQGDQDO\]LQJWKHUHVXOWV

7KH VLPXODWLRQ RXWFRPH LV D VHW RI .H\ 3HUIRUPDQFH ,QGLFDWRUV WKDW DOORZV D
FRPSDULVRQ RI RSHUDWLRQDO SHUIRUPDQFHV HJ DYHUDJH ZDLWLQJ WLPH IRU WUXFNV DQG
VKLSV ORDGLQJ WLPH IRU FUDQHV VSDFH XWLOLVDWLRQ XQGHU YDULRXV FOLPDWH FKDQJH
VFHQDULRV7KHVLPXODWLRQPRGHOHQDEOHVDV\VWHPDWLFDVVHVVPHQWRIGLIIHUHQWµZKDWLI¶
VFHQDULRV DVVRFLDWHG ZLWK H[WUHPH ZHDWKHU HYHQWV WKDW DUH RI PRVW FRQFHUQ WR SRUW
RSHUDWLRQV
 ,GHQWLILFDWLRQRIDGDSWDWLRQVWUDWHJLHV
7KLVVWHSLGHQWLILHGVWUDWHJLHVWREXLOGDPRUHDGDSWLYHZRUNIRUFHZLWKJUHDWHUFDSDFLW\
WRUHVSRQGWRDFKDQJLQJFOLPDWH

7KHDGDSWLYHFDSDFLW\RIWKHZRUNIRUFHZDVDVVHVVHGXVLQJVHPLVWUXFWXUHGLQWHUYLHZV
ZLWKVWDIIFRQGXFWHGEHWZHHQ-XO\DQG6HSWHPEHUDFURVV WKH WKUHHFDVHVWXG\
SRUWV7KURXJKRSHQHQGHGTXHVWLRQVUHVSRQGHQWVZHUHLQYLWHGWRH[SODLQDQGGLVFXVV
FOLPDWH LPSDFWV RQ SRUW RSHUDWLRQV ,Q DGGLWLRQ D VHULHV RI ZRUNVKRSV KHOG GXULQJ
6HSWHPEHUZHUHRUJDQLVHGWRDVFHUWDLQZRUNIRUFHDGDSWLYHFDSDFLW\RSWLRQVZLWK
WKHREMHFWLYHRILGHQWLI\LQJSRVVLEOHWUDLQLQJQHHGV

)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV


 CLIMATE  DATA    
7KLV VHFWLRQ RXWOLQHV WKH SURMHFWHG FOLPDWH FKDQJH LQIRUPDWLRQ XVHG LQ EXLOGLQJ
VFHQDULRV IRU WKH &726 VLPXODWLRQ PRGHO DQG WKH VHDOHYHO ULVH PRGHOOLQJ IRU 3RUW
.HPEOD,WDOVRSURYLGHVDUHYLHZRIWKHOLWHUDWXUHWKHOLNHO\LPSDFWRIH[WUHPHHYHQWVRQ
SRUWVDQGIDFWRUVWKDWLQIOXHQFHDSRUW¶VYXOQHUDELOLW\WRFOLPDWHFKDQJH,WWKXVRIIHUVDQ
RYHUYLHZRIWKHH[SHFWHGLPSDFWVRQSRUWVGXHWRH[SHFWHGLQFUHDVHVLQIUHTXHQF\DQG
LQWHQVLW\RIFOLPDWHYDULDEOHV

 /LNHO\LPSDFWRIH[WUHPHFOLPDWHHYHQWVRQSRUWV
7KHNH\FOLPDWHUHODWHGIDFWRUVWKDWFDQDIIHFWSRUWSHUIRUPDQFHVKDYHEHHQRXWOLQHGE\
WKH ,QWHUQDWLRQDO )LQDQFH&RUSRUDWLRQ  SUHVHQWHG LQ)LJXUH  )XWXUH FOLPDWH
UHODWHGHYHQWVDORQJWKHFRDVWVXFKDVVWRUPVXUJHZLQGVDQGZDYHFRQGLWLRQVPD\
LQFUHDVH LQ LQWHQVLW\ RU IUHTXHQF\ :LWKLQ D SRUW WKH H[SHFWHG SK\VLFDO LPSDFWV RI
FKDQJLQJFOLPDWHFRQGLWLRQVLQFOXGHVLQFUHDVHGUXQRIIDQGVLOWDWLRQUHTXLULQJLQFUHDVHG
GUHGJLQJ GLVWXUEDQFH DQG GLVWULEXWLRQ RI FXUUHQWO\ HQWUDLQHG KHDY\PHWDOV DQG RWKHU
SROOXWDQWV LQFUHDVHG KLJK ZLQG VWRSSDJHV XQGHU 2FFXSDWLRQDO +HDOWK DQG 6DIHW\
2+6 UHTXLUHPHQWV GHOD\V WR EHUWKLQJ DQG FDUJR KDQGOLQJ FRDVWDO IORRGLQJ DQG
UHTXLUHG HQJLQHHULQJ XSJUDGHV WR ZKDUIV SLHUV JDQWULHV DQG RWKHU FDUJR KDQGOLQJ
HTXLSPHQW$XVWUDOLDQ*RYHUQPHQW
3RUWVDUHOLNHO\WREHSDUWLFXODUO\DWULVNIURPH[WUHPHFOLPDWHHYHQWVIRUDQXPEHURI
UHDVRQV7KH,QWHUQDWLRQDO)LQDQFH&RUSRUDWLRQOLVWVWKHVHDV
x 'XHWRWKHLUORQJOLIHWLPHVSRUWVZLOOIDFHFRQVLGHUDEOHFOLPDWHFKDQJH
x %\YLUWXHRIWKHLUORFDWLRQVRQFRDVWVULYHUVRUODNHVWKH\DUHRIWHQH[SRVHGWR
D UDQJH RI  FOLPDWH KD]DUGV LQFOXGLQJ VHDOHYHO ULVH VWRUP VXUJHV H[WUHPH
ZLQGDQGZDYHVDQGULYHUIORRGLQJ
x 6KLSSLQJPRYHPHQWVLQWRDQGRXWRISRUWVFRXOGEHDIIHFWHGE\DGYHUVHFOLPDWLF
FRQGLWLRQVFDXVLQJGHOD\VWRSRUWRSHUDWLRQV
x 7KH\DUHYXOQHUDEOHWRWKHHFRQRPLFLPSDFWVRIFOLPDWHFKDQJHRQJOREDOWUDGH
x 7KH\FDQWUDQVSRUWJRRGVIRUZKLFKGHPDQGRUVXSSO\LVFOLPDWHVHQVLWLYHHJ
DJULFXOWXUDOSURGXFWVIXHO
x ,QODQGPRYHPHQWRIJRRGV WRDQG IURPSRUWV UHOLHVRQ WUDQVSRUW LQIUDVWUXFWXUH
ZKLFKLVOLNHO\WREHPDQDJHGE\RWKHUV\HWVWLOOYXOQHUDEOHWRFOLPDWHFKDQJH
x 3RUWV VLPLODUO\ WR RWKHU LQGXVWULDO IDFLOLWLHV DUH YXOQHUDEOH WR GLVUXSWLRQV WR
XWLOLWLHV VXFK DV ZDWHU DQG HOHFWULFLW\ ZKLFK DUH ERWK YXOQHUDEOH WR FOLPDWH
FKDQJH 7KH GHFUHDVHG UHOLDELOLW\ RI WKHVH XWLOLWLHV GXH WR FOLPDWH FKDQJH LV
OLNHO\WREHDPDWHULDOULVNWRVRPHSRUWV$FFOLPDWLVH

(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV



    
Figure  11  Key  climate  change  factors  affecting  port  performances  (International  
Finance  Corporation,  2011)  
7KH OHYHO WR ZKLFK SRUWV DUH DIIHFWHG E\ H[WUHPH FOLPDWH FRQGLWLRQV LV VWURQJO\
FRUUHODWHGZLWKSRUW W\SHDQG ORFDWLRQ DVZHOO DV LQWHQVLW\DQG IUHTXHQF\RI H[WUHPH
HYHQWV &RQWDLQHU SRUWV WHQG WR EH ORFDWHG LQ VKHOWHUHG KDUERXU ORFDWLRQV FORVH WR
SRSXODWLRQFHQWUHV%XONSRUWVDUHPRUHOLNHO\WREHORFDWHGRQRSHQRFHDQLQORFDWLRQV
ZLWK JRRG SUR[LPLW\ WR WKH SURGXFWLRQ DQG WUDQVSRUWDWLRQ RI WKH EXON FRPPRGLWLHV
0DXQVHOO$XVWUDOLD3W\/WGDQG&6,52
7KHLPSDFWVRIH[WUHPHFOLPDWHFRQGLWLRQVDUHHYLGHQWDURXQGWKHZRUOG,Q3RUW
+HGODQGZDVKLWE\IRXUWURSLFDOF\FORQHVUDQJLQJEHWZHHQ&DWHJRU\DQGZKLFK
FDXVHGDVLJQLILFDQWLPSDFWRQLQIUDVWUXFWXUHDQGGLVUXSWLRQWRSRUWRSHUDWLRQV7KHSRUW
ZDV FORVHG WR DOO YHVVHOV IRU D WRWDO RI  KRXUV GXH WR WKH WURSLFDO F\FORQHV 3RUW
+HGODQG3RUW$XWKRULW\7KH LQVXUDQFHFRVWRI WURSLFDOF\FORQH*HRUJH&DW
ZDVPLOOLRQ (0$  ,Q  KLJKVSHHGZLQGV GDPDJHG WZR FUDQHVDW WKH
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

3RUWRI)HOL[VWRZLQWKH8.DIWHUDVKLSEURNHIUHHIURPLWVPRRULQJV([WHQVLYHGDPDJH
ZDVFDXVHGZKHQWKHFUDQHVRQERDUGWKHYHVVHOFROOLGHGZLWKODQGVLGHFRQWDLQHUV

,QDVXUYH\VWXG\E\%HFNHUHWDOGLVVHPLQDWHGWRSRUWVDURXQGWKHZRUOG
DVFHUWDLQHGKRZDGPLQLVWUDWRUV IHOWFOLPDWHFKDQJHPLJKW LPSDFW WKHLURSHUDWLRQVDQG
KRZWKH\SODQQHGWRDGGUHVVDGDSWDWLRQLVVXHV7KHUHZHUHUHVSRQVHV)LIW\WKUHH
SHU FHQW IHOW WKDW FOLPDWH FKDQJH ZRXOG KDYH QHJDWLYH FRQVHTXHQFHV RQ WKHLU
RSHUDWLRQV DQG  SHU FHQW DJUHHG WKDW WKH SRUW FRPPXQLW\ QHHGHG WR EHWWHU
XQGHUVWDQGKRZWRDGGUHVVLVVXHVRIFOLPDWHFKDQJHDGDSWDWLRQ7KHFOLPDWHYDULDEOH
RIJUHDWHVWFRQFHUQSHUFHQWZDVVHDOHYHOULVH7ZHOYHSHUFHQWRISRUWVIHHOWKH\
ZRXOG KDYH D SUREOHP DW D VHDOHYHO ULVH RI  FP  IHHO WKH\ ZRXOG KDYH D
SUREOHPDWFPDQGRISRUWVIHHOWKH\ZRXOGKDYHDSUREOHPDWFP
 3URMHFWHGFOLPDWHLQIRUPDWLRQIRU
)XWXUHFOLPDWHGDWDZDVVRXUFHGIURPWKH&6,520NPRGHOUHSUHVHQWLQJDµPRVW
OLNHO\ IXWXUH IRU*ODGVWRQH DQGD 
KRWGU\
 IXWXUH IRU6\GQH\3RUW.HPEOD3URMHFWLRQV
DUHEDVHGRQDPLGHPLVVLRQFOLPDWHVFHQDULR$%IRUZKLFKZDVGHYHORSHGE\
WKH ,QWHUJRYHUQPHQWDO 3DQHO RQ &OLPDWH &KDQJH ,3&& 7KH HPLVVLRQ VFHQDULRV
GHYHORSHG E\ WKH ,3&& GHSLFW GLIIHUHQW OHYHOV RI IXWXUH HFRQRPLF GHYHORSPHQW DQG
FDUERQHPLVVLRQVUHODWHGWRIXHOXVH$QH[WHQVLYHGHVFULSWLRQRIWKHVFHQDULRVFDQEH
IRXQGLQ,3&&7KH³$´VWRU\OLQHIURPWKH,3&&XVHGIRUWKHHPLVVLRQ
VFHQDULRLQWKLVVWXG\LVVKRZQLQ7DEOHEHORZ

$HPLVVLRQVWRU\OLQH
7KH$VWRU\OLQHDQGVFHQDULR IDPLO\GHVFULEHVD IXWXUHZRUOGRIYHU\ UDSLGHFRQRPLFJURZWK
JOREDOSRSXODWLRQWKDWSHDNVLQPLGFHQWXU\DQGGHFOLQHVWKHUHDIWHUDQGWKHUDSLGLQWURGXFWLRQRI
QHZDQGPRUHHIILFLHQWWHFKQRORJLHV0DMRUXQGHUO\LQJWKHPHVDUHFRQYHUJHQFHDPRQJUHJLRQV
FDSDFLW\EXLOGLQJDQGLQFUHDVHGFXOWXUDODQGVRFLDO LQWHUDFWLRQVZLWKDVXEVWDQWLDOUHGXFWLRQLQ
UHJLRQDO GLIIHUHQFHV LQ SHU FDSLWD LQFRPH7KH$ VFHQDULR IDPLO\ GHYHORSV LQWR WKUHHJURXSV
WKDWGHVFULEHDOWHUQDWLYHGLUHFWLRQVRIWHFKQRORJLFDOFKDQJHLQWKHHQHUJ\V\VWHP7KHWKUHH$
JURXSV DUH GLVWLQJXLVKHG E\ WKHLU WHFKQRORJLFDO HPSKDVLV IRVVLO LQWHQVLYH $), QRQIRVVLO
HQHUJ\VRXUFHV$7RUDEDODQFHDFURVVDOOVRXUFHV$%
Table  2  A1  emission  storyline  (IPCC  2000)  

7KHSURMHFWLRQGDWDKDVEHHQXVHGWRORRNDWFRQWUDVWVEHWZHHQWKHSRUWV¶SHUFHSWLRQRI
FXUUHQWFOLPDWHWKUHDWVDQGWKHIXWXUHRXWORRN)XWXUHFOLPDWHGDWDEH\RQGLVQRW
XVHGEHFDXVHSRUWVSODQWRWLPHKRUL]RQVRIWR\HDUV%HFNHUHWDO7DEOHV
DQGEHORZSURYLGHDVXPPDU\RI WKHSURMHFWHGFOLPDWHFKDQJHVIRU LQ1HZ
6RXWK:DOHVDQG4XHHQVODQGXQGHUWKH$%FOLPDWHVFHQDULRIURPDUDQJHRIVRXUFHV
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

Table  3  Climate  data  summary  for  New  South  Wales  
1(:6287+:$/(6
7HPSHUDWXUH 0RVW OLNHO\ WHPSHUDWXUH FKDQJH UHODWLYH WR D EDVHOLQH SHULRG  ±

$QLQFUHDVHRIDQQXDOPHDQWHPSHUDWXUHRI⁰&E\
$QLQFUHDVHRIDQQXDOPHDQWHPSHUDWXUHRIEHWZHHQ⁰&±⁰&E\

&RQVLVWHQWO\VSULQJLVWKHVHDVRQWKDWVKRZVWKHJUHDWHVWWHPSHUDWXUH
LQFUHDVH
([WUHPHO\ KRW
GD\V
'D\VRYHU⁰&UHODWLYHWRWKH$:$3EDVHOLQHLQGLFDWHD
ZLGHUDQJH
$QDQQXDOLQFUHDVHEHWZHHQ±GD\VE\
$QDQQXDOLQFUHDVHEHWZHHQ±GD\VE\
([WUHPHO\ KRW
GD\V IRU
6\GQH\RQO\
7KHSRUWVWHPSHUDWXUHSROLF\VWDWHVWKDWDWGHJUHHVEUHDNVEHFRPH
ORQJHUDQGDWGHJUHHVRSHUDWLRQVUHODWHGZRUNFHDVHV
&XUUHQW GD\ FRQGLWLRQV ± WHPSHUDWXUHV H[FHHG  GHJUHHV &HOVLXV
RQFHDQQXDOO\

%\LWLVH[SHFWHGWKDWWKHQXPEHURIGD\VWRH[FHHGGHJUHHV
DQQXDOO\ZLOOLQFUHDVHWR

7KLVSURMHFWLRQ LVEDVHGRQDPLGHPLVVLRQVVFHQDULR $% IRU IURPD
µKRWGU\PRGHO±&6,520N&6,52DQG%R0D
5DLQIDOO 0RVWOLNHO\SUHFLSLWDWLRQFKDQJHUHODWLYHWRDEDVHOLQHSHULRG±

$QDQQXDOGHFUHDVHRIEHWZHHQDQGE\
$QDQQXDOGHFUHDVHEHWZHHQE\
:LQWHUDQGVSULQJVKRZWKHJUHDWHVWGHFUHDVHV
:LQGVWRUP 7KHUH LVQRGHILQLWLYH LQIRUPDWLRQRQFKDQJHV WRZLQGVSHHGDOWKRXJK
FXUUHQWZRUNSRLQWVWRWKH OLNHOLKRRGRIPRUHH[WUHPHZHDWKHUHYHQWV
ZLWKDQLQFUHDVHLQUDLQLQWHQVLW\LQVSLWHRIDQRYHUDOOUHGXFWLRQLQWKH
GD\VLWUDLQVDQGWKHSRVVLELOLW\RIPRUHLQWHQVHVWRUPV
6HDOHYHOULVH 

7KHEHVWQDWLRQDODQGLQWHUQDWLRQDOSURMHFWLRQVRIVHDOHYHOULVHDORQJ
WKH16:FRDVWDUHIRUDULVHUHODWLYHWRPHDQVHDOHYHOVRIFP
E\DQGFPE\7KHVHSURMHFWLRQVZHUHUHOHDVHGE\WKH
16:*RYHUQPHQWLQWKH16:6HD/HYHO5LVH3ROLF\6WDWHPHQW1HZ
6RXWK:DOHV*RYHUQPHQW


3URMHFWLRQVZHUHGHULYHGIURPSURMHFWLRQVE\WKH,3&&DQGWKH&6,52
0F,QQHVHWDODQGDUHSHULRGLFDOO\UHYLHZHG
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

Table  4  Climate  data  summary  for  Queensland  
48((16/$1'&(175$/5(*,21
7HPSHUDWXUH 0RVW OLNHO\ WHPSHUDWXUH FKDQJH UHODWLYH WR D EDVHOLQH SHULRG  ±

$QLQFUHDVHRIDQQXDOPHDQWHPSHUDWXUHRI⁰&E\
$QLQFUHDVHRIDQQXDOPHDQWHPSHUDWXUHRIEHWZHHQ⁰&±⁰&E\

7KHUHLVOLWWOHYDULDWLRQLQSURMHFWLRQVDFURVVWKHVHDVRQV
4XHHQVODQG 'HSDUWPHQW RI (QYLURQPHQW DQG +HULWDJH 3URWHFWLRQ

([WUHPHO\KRWGD\V 'D\VRYHU⁰&UHODWLYHWRWKH$:$3EDVHOLQHLQGLFDWHD
ZLGHUDQJH
$QDYHUDJHDQQXDOLQFUHDVHRIGD\VE\
,Q WKHFXUUHQWFOLPDWH WKHDYHUDJHQXPEHURIGD\VDERYH⁰&LV
SHU\HDU
4XHHQVODQG 'HSDUWPHQW RI (QYLURQPHQW DQG +HULWDJH 3URWHFWLRQ

([WUHPHO\ KRW GD\V
IRU%ULVEDQHRQO\
&XUUHQWO\ GD\ WHPSHUDWXUHV H[FHHG  ⁰&  WLPHV DQQXDOO\ %\
LW LVH[SHFWHGWKDWWKHQXPEHURIGD\VWRH[FHHG⁰&DQQXDOO\
ZLOOLQFUHDVHWR
7KLVSURMHFWLRQ LV EDVHGRQDPLGHPLVVLRQVVFHQDULR $% IRU
IURPDµPRVWOLNHO\
PRGHO±&6,520N&6,52DQG%R0E
5DLQIDOO 0RVW OLNHO\ SUHFLSLWDWLRQ FKDQJH UHODWLYH WR D EDVHOLQH SHULRG  ±

$QDQQXDOGHFUHDVHRIE\
$QDQQXDOGHFUHDVHEHWZHHQE\
6SULQJVKRZVWKHJUHDWHVWGHFUHDVHV
4XHHQVODQG 'HSDUWPHQW RI (QYLURQPHQW DQG +HULWDJH 3URWHFWLRQ

:LQGVSHHG 0RVWOLNHO\ZLQGVSHHGFKDQJHWRDEDVHOLQHSHULRG±
$QDQQXDOLQFUHDVHRIE\ERWKDQG&6,52DQG%R0
F
6HDOHYHOULVH 3URMHFWLRQVRIVHDOHYHOULVHDORQJWKH4XHHQVODQGFRDVWDUHIRUDULVH
UHODWLYHWRPHDQVHDOHYHOVRIFPE\DQGFPE\
5HOHDVHG E\ WKH 4XHHQVODQG *RYHUQPHQW LQ WKH
4XHHQVODQG &RDVWDO 3ODQ 4XHHQVODQG 'HSDUWPHQW RI (QYLURQPHQW DQG
5HVRXUFH0DQDJHPHQW
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

&\FORQHLQWHQVLW\ SHUFHQW LQFUHDVH LQF\FORQH LQWHQVLW\DQG IUHTXHQF\DVZHOO DVD
NPVKLIWVRXWKZDUGVLQF\FORQHWUDFNV+DUG\HWDO
6WRUPVXUJHZDYH 7KHLQ\HDUVWRUPWLGHHYHQWLVSURMHFWHGWRLQFUHDVHE\FPLQ
*ODGVWRQH LI FHUWDLQ FRQGLWLRQV  FP VHDOHYHO ULVH  SHU FHQW
LQFUHDVHLQF\FORQHLQWHQVLW\DQGDNPVKLIWVRXWKZDUGVLQF\FORQH
WUDFNV HYHQWXDWH 4XHHQVODQG 'HSDUWPHQW RI (QYLURQPHQW DQG
+HULWDJH3URWHFWLRQ
 6XPPDU\
7KLV VHFWLRQ KDV SUHVHQWHG WKH SURMHFWHG FOLPDWH FKDQJH LQIRUPDWLRQ LGHQWLI\LQJ WKH
OLNHO\LPSDFWRIFOLPDWHFKDQJHRQSRUWRSHUDWLRQVDQGDVVHWVZLWKSDUWLFXODUUHIHUHQFH
WRH[WUHPHZHDWKHUHYHQWV7KHH[WHQWWRZKLFKSRUWVDUHDIIHFWHGE\H[WUHPHFOLPDWH
FRQGLWLRQV ZDV KLJKOLJKWHG DV EHLQJ VWURQJO\ DVVRFLDWHG ZLWK SRUW W\SH DQG LWV
JHRJUDSKLFDO ORFDWLRQ 7KH LQWHQVLW\ DQG IUHTXHQF\ RI H[WUHPH ZHDWKHU HYHQWV ZDV
VKRZQWRYDU\DFURVVRXUWKUHHFDVHVWXG\SRUWV
([WUHPH ZHDWKHU HYHQWV DUH FRQVLGHUHG WR KDYH JUHDWHU LPSDFW RQ SRUW RSHUDWLRQV
GUDZLQJRQKLVWRULFHYHQWV WKDW LQFOXGHWKHKHDWZDYH LQ0HOERXUQHDQGF\FORQH
<DVL LQ*ODGVWRQHERWKRIZKLFKKLJKOLJKWHGPDMRU GLVUXSWLRQV WRSRUW RSHUDWLRQV WKDW
LQFOXGHG FRPSOHWH VKXWGRZQ LQ VRPH LQVWDQFHV ,Q WKH OLJKW RI WKHVH LPSDFWV WKLV
VHFWLRQXWLOLVHG&6,52IXWXUHSURMHFWLRQV IRU WHPSHUDWXUHKRWGD\V UDLQIDOOVHDOHYHO
ULVHDQGZLQG IRU WRDVVHVV WKH OLNHO\ LPSOLFDWLRQV IRURSHUDWLRQVDWHDFKRI WKH
WKUHHFDVHVWXG\SRUWV
,QWKHVXEVHTXHQWFKDSWHUVWKHVDPH&6,52FOLPDWHGDWDZLOOEHGUDZQXSRQLQRUGHU
WR DQDO\VH RSHUDWLRQDO DVVHW YXOQHUDELOLW\ VHFWLRQ IRXU DQG FRQWDLQHU WHUPLQDO
RSHUDWLRQVVLPXODWLRQVHFWLRQILYH


)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

 OPERATIONAL  ASSET  MAPPING  AND  SEA-­LEVEL  RISE  
MODELING  
7KLV VHFWLRQ GHYHORSV D EHWWHU XQGHUVWDQGLQJ RI GLIIHUHQW RSHUDWLRQDO DVVHW
YXOQHUDELOLWLHV WRFOLPDWHHYHQWVDQGFDSWXUHVFOLPDWHHYHQWVSHUFHLYHG WREHRIPRVW
WKUHDWWRWKHFRQWLQXDWLRQRIFDUJRKDQGOLQJEHWZHHQWKHVKLSDQGWUXFNWUDLQ)LJXUH
VKRZV WKH VWHSV LQ EXLOGLQJ DQ RSHUDWLRQDO DVVHW UHJLVWHU WKURXJK WR FUHDWLQJ D '
PRGHORIWKHSRUWHQYLURQPHQWDQGVHDOHYHOULVHPDSSLQJ



Figure  12  Steps  for  defining  and  mapping  operational  assets  
 'HILQLQJRSHUDWLRQDODVVHWV 
$QDVVHWLVFRQVLGHUHGDUHVRXUFHIURPZKLFKHFRQRPLFEHQHILWVFDQEHGHULYHG,WFDQ
EHRZQHGE\DQLQGLYLGXDORUDQRUJDQLVDWLRQ,QWKLVUHVHDUFKWKHGHILQLWLRQRIDQDVVHW
LV UHVWULFWHG WR WDQJLEOH UHVRXUFHV LQ WKH FRQWH[W RI WKHLU UROH LQ SHUIRUPLQJ ORJLVWLFV
RSHUDWLRQVLQSRUWV2WKHUDVVHWVVXFKDVEXLOGLQJVDUHQRWLQFOXGHGLQWKHRSHUDWLRQDO
DVVHW UHJLVWHU 7KH EXLOGLQJ RI DQ DVVHW UHJLVWHU IRU WKH SRUW UHTXLUHV D OLVWLQJ RI WKH
WDQJLEOH DVVHWV WKDW DUH RZQHGDQGRSHUDWHG E\ WKH SRUW DXWKRULW\ RU OHDVHG E\ LW WR
RWKHU RSHUDWRUV WR FDUU\ RXW ORJLVWLFV DFWLYLWLHV QHFHVVDU\ IRU WKH WUDQVVKLSPHQW RI
IUHLJKW $VVHWV DUH WKHUHIRUH FRQVLGHUHG WR EH WKRVH SODQW HTXLSPHQW DQG SK\VLFDO
LQIUDVWUXFWXUHIDFLOLWLHVWKDWDUHXVHGIRUWKHSXUSRVHRIJHQHUDWLQJUHYHQXH+RZHYHU
QRWDOODVVHWVDUHXVHGLQSXUHO\ORJLVWLFVDFWLYLWLHV6RPHDUHXVHGWRDXJPHQWORJLVWLFV
DFWLYLWLHVSURYLGHVHUYLFHVRUHQKDQFHFXVWRPHUFRQYHQLHQFH
3RUWRSHUDWLRQVPD\EHVHSDUDWHGLQWRWZRFDWHJRULHVWKRVHDFWLYLWLHVWKDWDUHGLUHFWO\
UHODWHGWRWKHWUDQVVKLSPHQWORJLVWLFVIXQFWLRQVDQGWKRVHRSHUDWLRQVWKDWDUHQRW LH
WKRVH WKDW DUH DQFLOODU\ )XUWKHUPRUH VRPH SRUW DFWLYLWLHV DUH XQGHU WKH RZQHUVKLS
FRQWURORURYHUVLJKWRIRWKHUSDUWLHVHJ OHDVHGZKLOHVRPHIXQFWLRQVDUHRXWVRXUFHG
HQWLUHO\7KHVHDVVHWVGRQRWFRPHXQGHUWKHMXULVGLFWLRQRIWKHSRUWDXWKRULW\DQGWKXV
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

DUH QRW HOLJLEOH IRU LQFOXVLRQ LQ WKH UHJLVWHU RI SRUW DVVHWV 2SHUDWLRQDO DVVHWV FDQ
WKHUHIRUHEHGHILQHGDVFRUHRSHUDWLRQDODVVHWV&2$VDQGQRQFRUHDQFLOODU\DVVHWV
+HUHZHDUHRQO\FRQFHUQHGZLWKFRUHRSHUDWLRQDODVVHWV
 ,GHQWLILFDWLRQRIFRUHRSHUDWLRQDODVVHWV
&2$VDUHQRUPDOO\LGHQWLILHGDFFRUGLQJWRWKHLUUROHLQWKHORJLVWLFVF\FOHZKHWKHUWKH
DFWLYLWLHV WDNH SODFH DW VHD RQ ODQG RU DW WKH VHDODQG LQWHUIDFH ,W LV QHFHVVDU\ WR
LGHQWLI\ WKHDVVHWVZLWK WKLVGLVWLQFWLRQ LH6HDVLGH&2$V/DQGVLGH&2$VRU6HD
/DQG&2$V
,QHDUO\6HSWHPEHU WZRPHPEHUVRI WKHSURMHFW WHDPYLVLWHG 3RUW.HPEODDQG
HPEDUNHGRQDWZRGD\VLWHWRXURIWKHSRUWSUHFLQFW'XULQJWKLVWLPHDVHULHVRIILHOG
SKRWRJUDSKV ZHUH WDNHQ DQG PHHWLQJV ZHUH KHOG ZLWK OHDVHKROGHUV WR JDLQ D IXOOHU
XQGHUVWDQGLQJ RI WKH QDWXUH DQG GLVWULEXWLRQ RI DVVHWV DFURVV WKH SRUW SUHFLQFW ,Q
DGGLWLRQ D VHULHV RI VFKHPDWLFV VSUHDGVKHHWV HQJLQHHULQJ GUDZLQJV DQG REOLTXH
DHULDO SKRWRJUDSKV ZHUH VXSSOLHG IURP WKH 3RUW .HPEOD DXWKRULW\ IRU UHIHUHQFH XVH
ZLWKLQ WKHSURMHFW7KHVSUHDGVKHHWGHVFULELQJDOODVVHWV LQ WKH3RUW.HPEODSUHFLQFW
ZDVXVHGDV WKHEDVLV IRU WKHGHYHORSPHQWRI WKHVSDWLDODVVHW UHJLVWHU GHVFULEHG LQ
6HFWLRQ  7KH 6\GQH\ DQG *ODGVWRQH RSHUDWLRQDO DVVHWV ZHUH LGHQWLILHG LQ
FRQMXQFWLRQZLWKWKHUHVSHFWLYHSURMHFWVFRQWDFWSHUVRQVLQHDFKSRUW
$VVHWV RI PRVW FRQFHUQ WR RXU DVVHVVPHQW DUH WKRVH RZQHG E\ 3RUW .HPEOD DQG
UHJDUGHGDVFRUHWRORJLVWLFVRSHUDWLRQV7KH\DUHOLVWHGEHORZ7DEOHWRJHWKHUZLWK
WKHLUJHRJUDSKLFORFDWLRQVDQGQXPEHURIXQLWVWRSURYLGHORFDOHVSHFLILFYXOQHUDELOLWLHV
WRFOLPDWLFHYHQWV
Table  5  Summary  of  assets  
  
2SHUDWLRQDO$VVHW /RJLVWLFV)XQFWLRQ 1XPEHU /RFDWLRQ
%XR\V 1DYLJDWLRQSLORWDJH  6HDVLGH
3LORWERDWV 1DYLJDWLRQSLORWDJH  6HDVLGH
3LORWVWDWLRQ 1DYLJDWLRQSLORWDJH  6HDVLGH
6WDFNHUV &DUJRWUDQVIHU  /DQGVLGH
5DLOWUDFNV &DUJRWUDQVSRUW NP /DQGVLGH
5RDGZD\V &DUJRWUDQVSRUW NP /DQGVLGH
/HDGLQJOLJKWV 1DYLJDWLRQSLORWDJH  6HD/DQGLQWHUIDFH
&RPPXQLFDWLRQ
HTXLSPHQW
1DYLJDWLRQSLORWDJH 1XPHURXV 6HD/DQGLQWHUIDFH
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

2SHUDWLRQDO$VVHW /RJLVWLFV)XQFWLRQ 1XPEHU /RFDWLRQ
%UHDNZDWHU 1DYLJDWLRQSLORWDJH  6HD/DQGLQWHUIDFH
%HUWKVWHUPLQDOV 'RFNLQJ  6HD/DQGLQWHUIDFH
'ROSKLQV 'RFNLQJ  6HD/DQGLQWHUIDFH
)HQGHUV 'RFNLQJ 1XPHURXV 6HD/DQGLQWHUIDFH
:DWHUPDLQV 6HUYLFHV NP 6HD/DQGLQWHUIDFH

 &KDUDFWHULVDWLRQRIFRUHRSHUDWLRQDODVVHWV
7KH&2$VDUHFKDUDFWHULVHGE\ WKHLU DFWLYLWLHV DW VHD VHDODQG LQWHUIDFHDQGRQ WKH
ODQGVLGH7DEOHVKRZVWKHGLIIHUHQWIXQFWLRQVXVHGWRFDWHJRULVHWKH&2$V

2SHUDWLRQDO$UHD )XQFWLRQV
6HD x 1DYLJDWLRQDQGSLORWDJH
x 'RFNLQJ
6HD/DQG x 1DYLJDWLRQDQGSLORWDJH
x 'RFNLQJ
x &DUJRWUDQVIHU
x &DUJRWUDQVSRUW
x 6HUYLFHV
/DQG x &DUJRWUDQVIHU
x &DUJRWUDQVSRUW
x 6WRUDJH
x 6HUYLFHV
Table  6  Key  functions  used  for  categorising  the  core  operational  assets  
&RQVHTXHQWO\ VHDVLGH &2$V DUH WKRVH XVHG LQ QDYLJDWLRQ DQG SLORWDJH FDUJR
WUDQVSRUWDQGWUDQVIHUDQGGRFNLQJ/DQGVLGH&2$VDUHWKRVHXVHGH[FOXVLYHO\RQODQG
IRUFDUJRWUDQVSRUWWUDQVIHUDQGVWRUDJH6HDODQG&2$VDUHWKRVHDFWLYLWLHVWKDWRFFXU
ZKHQ WKH YHVVHO LV EHUWKHG DQG FDUJR LV WUDQVSRUWHG RU WUDQVIHUUHG $SSHQGL[ 
SURYLGHVD OLVWRI WKH&2$V IRXQG LQHDFKRI WKH WKUHHSRUWVFDWHJRULVHGXVLQJ WKHVH
IXQFWLRQV
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

 &RPSLODWLRQRIDQDVVHWUHJLVWHU
7KHDVVHWUHJLVWHULVDOLVWRIDOO&2$VLQXVHE\HDFKSRUW,WZDVQHFHVVDU\WRFRPSLOH
DGLIIHUHQWDVVHW UHJLVWHU IRUHDFKSRUWJLYHQ WKH W\SHRIFRPPRGLW\KDQGOHGE\HDFK
GLIIHUVDQGDVVXFKWKHSURFHVVHVEHWZHHQHDFKDVVHWWKHQDOVRGLIIHU
&RPSLOLQJ WKH DVVHW UHJLVWHU UHTXLUHG OLDLVRQ ZLWK UHSUHVHQWDWLYHV ZLWKLQ WKH SRUW
HQYLURQPHQW ZKR RQ D GD\WRGD\ EDVLV GHDO ZLWK FDUJR SRUW RSHUDWLRQV 3RUW
UHSUHVHQWDWLYHVZHUH DVNHG WR SODFH HDFK DVVHW LQWR FDWHJRULHV UHIOHFWLQJZKHUH WKH
DVVHWLVXVHGLQWKHORJLVWLFVF\FOHLHDWWKHVHDVHDODQGRUODQGLQWHUIDFHDQGZKDW
HDFKDVVHWVFRUH IXQFWLRQ LV LHQDYLJDWLRQDQGSLORWDJHGRFNLQJFDUJR WUDQVIHUHWF
7KLVLQIRUPDWLRQZDVFRPSLOHGE\SRUWUHSUHVHQWDWLYHVXVLQJIRUPVSUHSDUHGE\:3
$VVHWVLQWKHUHJLVWHUDUHDWWULEXWHGWRWKUHHVHWVRIFKDUDFWHULVWLFV7KHVHLQFOXGH
x $VVHWUHODWHGDWWULEXWHV$5$
x (QYLURQPHQWUHODWHGDWWULEXWHV(5$DQG
x 0DLQWHQDQFHUHODWHGDWWULEXWHV05$
8VLQJ WKH DVVHW ,' DV WKH XQLTXH LGHQWLILHU WKHVHDWWULEXWH WDEOHVZHUH FUHDWHG DVD
VLQJOH DFFHVV GDWDEDVH DQG WKHQ WUDQVIRUPHG LQWR *HRJUDSKLF ,QIRUPDWLRQ 6\VWHP
*,6GDWDIRUWKHSXUSRVHRIPDSSLQJ$VVKRZQLQ)LJXUHWKH$5$GDWDEDVHKDV
EHHQSRSXODWHGWKURXJKWKHGLUHFWLQSXWIURPWKHSRUWDXWKRULW\ZKLOVWYDOXHVDFURVVWKH
ILHOGV LQ WKH(5$GDWDEDVHZHUHDVVLJQHG WRDVVHWVE\ µLQWHUVHFWLQJ¶DVVHW OD\HUZLWK
*,6 GDWDVHWV7KH05$GDWDEDVH KDV EHHQGHVLJQHG IRU WKH3RUW.HPEOD WR UHFRUG
PDLQWHQDQFHGDWD


Figure  13  Asset  register  ±  relational  database  structure  
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

 *HRUHIHUHQFLQJDQGDVVHWPDSSLQJ
$YDULHW\RIVSDWLDOGDWDW\SHVZHUHXVHGWRSUHSDUHWKHEDVHOD\HUVIRUWKHPDSSLQJ
0XFKRIWKHVHGDWDUHTXLUHGVXEVWDQWLDODPRXQWVRISUHSURFHVVLQJEHIRUHWKH\FRXOG
EH LQWHJUDWHG LQWR WKH SURMHFW 7KH GDWD VRXUFHV DQG VSHFLILFDWLRQV DUH VXPPDULVHG
EHORZ
 /L'$5
:ROORQJRQJ&LW\&RXQFLODFTXLUHG/LJKW'HWHFWLRQDQG5DQJLQJ/L'$5GDWDVHWVRQ
SUHYLRXVRFFDVLRQVDQGVXSSOLHG WKHH[LVWLQJGDWD IRUXVH LQ WKLVSURMHFW:ROORQJRQJ
&LW\&RXQFLOFRPPLVVLRQHG$$0+DWFK WRFDSWXUHDLUERUQH ODVHUVXUYH\V IURPD IL[HG
ZLQJDLUFUDIWRYHUWKH3RUW.HPEODSURMHFWDUHDRQWKHIROORZLQJGDWHV
 UG0D\
 'HFHPEHUWKDQGWK
 WK-DQXDU\
7KHVH GDWD VHWV ZHUH VXSSOLHG LQ WZHQW\QLQH  NP WLOHV ODV ILOH IRUPDW LQ ERWK
FODVVLILHG JURXQG DQG QRQJURXQG SRLQWV DQG XQFODVVLILHG IXOO GDWD VHW SRLQWV WKDW
IRUPHGSDUWRI IOLJKWVZDWKV7KH/L'$5GDWDZDVVXSSOLHG LQD7UDQVYHUVH0HUFDWRU
SURMHFWLRQZLWKD*HRFHQWULF'DWXPRI$XVWUDOLD0DS*ULGRI$XVWUDOLD=RQH
SURMHFWHGFRRUGLQDWHV\VWHP7KHKHLJKWGDWXPRIWKHVHGDWDVHWVZDVWKDWRIWKH
$XVWUDOLDQ+HLJKW'DWXPXVLQJWKH$XVJHRLG*HRLG0RGHO$$0+DWFKGRFXPHQWHG
DQ H[SHFWHG DFFXUDF\ ZLWKLQ WKH /L'$5 GDWD VHWV RI P LQ WKH KRUL]RQWDO DQG
PLQWKHYHUWLFDO
7R WUDQVIRUP WKH VXSSOLHG FODVVLILHG /L'$5 GDWD LQWR D *,6UHDG\ IRUPDW WKH LQLWLDO
/L'$5SRLQWVZHUHILUVWFRQYHUWHGIURPDODVILOHIRUPDWWRDW[WILOHIRUPDW7KHW[WILOHV
ZHUH WKHQVSOLW LQWRVPDOOHU UHFRUGQXPEHUVWRHQDEOHHDV\ WUDQVIHURIGDWDEHWZHHQ
VRIWZDUH W\SHV DQG VDYHG DV VHSDUDWH W[W ILOHV 7KH UHGXFHG W[W ILOHV ZHUH WKHQ
LPSRUWHGLQWRVHSDUDWH0LFURVRIW([FHOVSUHDGVKHHWVDQGVDYHGDV[OV[ILOHVWKDWZHUH
VXEVHTXHQWO\LPSRUWHGLQWR$UF*,6DQGGLVSOD\HGYLDWKH[DQG\FRRUGLQDWHVIXQFWLRQ
DQGH[SRUWHG LQWR(65, VKDSHILOH VKS IRUPDW2QFH DOO RI WKH VKDSHILOHV KDGEHHQ
FUHDWHGHDFKZDVWKHQPHUJHGWRIRUPDVLQJOHJHRGDWDEDVHJGEDQGFOLSSHGWRD
EXIIHUHG 3RUW 3UHFLQFW OD\HU WR UHGXFH WKH RYHUDOO ILOH VL]H 7KH VDPH SURFHVV ZDV
UHSHDWHGWRWUDQVIRUPWKHXQFODVVLILHG/L'$5GDWDLQWRD*,6UHDG\IRUPDW
7KH FODVVLILHG /L'$5 JHRGDWDEDVH ZDV WKHQ XVHG WR JHQHUDWH D 'LJLWDO (OHYDWLRQ
0RGHO'(0GDWDVHWJGEIRUPDWXVLQJWKHSRLQWVWRUDVWHUFRQYHUVLRQIXQFWLRQ7KH
UHVROXWLRQRIWKH'(0ZDVVHWDWPZLWKDµPRVWIUHTXHQW¶FHOODVVLJQPHQWW\SHXVHG
WR RXWSXW WKH DYHUDJH KHLJKW YDOXH IRU HDFK P FHOO 7KH XQFODVVLILHG /L'$5
JHRGDWDEDVH ILOH ZDV XVHG WR JHQHUDWH D 'LJLWDO 6XUIDFH 0RGHO '60 GDWDVHW LQ
$UF*,6JGEIRUPDWXVLQJWKHSRLQWVWRUDVWHUFRQYHUVLRQIXQFWLRQ7KHUHVROXWLRQRIWKH
'60ZDVVHWDWPZLWKD µPRVW IUHTXHQW¶FHOODVVLJQPHQW W\SHXVHG WRRXWSXW WKH
DYHUDJHKHLJKWYDOXHIRUHDFKPFHOO7KH'(0ZDVWKHQVXEWUDFWHGIURPWKH'60
XVLQJ WKH UDVWHU FDOFXODWRU IXQFWLRQ WR FUHDWH D IHDWXUH KHLJKWV GDWDVHW LQ $UF*,6
JHRGDWDEDVHIRUPDW8VLQJWKH'(0GDWDVHWDOJRULWKPVZLWKLQ(65,¶V$UF*,66SDWLDO
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

$QDO\VWWRROER[ZHUHLPSOHPHQWHGWRFUHDWHDVORSHGDWDVHWLQ$UF*,6JGEIRUPDW$OO
GHULYHG GDWDVHWV ZHUH JHQHUDWHG LQ D 7UDQVYHUVH 0HUFDWRU SURMHFWLRQ ZLWK D 
*HRFHQWULF 'DWXP RI $XVWUDOLD  0DS *ULG RI $XVWUDOLD =RQH  SURMHFWHG
FRRUGLQDWH V\VWHP 7KH KHLJKW GDWXP RI WKHVH GDWD VHWV ZDV WKDW RI WKH $XVWUDOLDQ
+HLJKW'DWXPXVLQJWKH$XVJHRLG*HRLG0RGHO
 $HULDOLPDJHU\
2UWKRSKRWRJUDSK\ VRXUFHG IURP:ROORQJRQJ &LW\ &RXQFLO ZDV RULJLQDOO\ DFTXLUHG E\
$$0+DWFKIURPDHULDOSKRWRJUDSK\VXUYH\VFDSWXUHGIURPDIL[HGZLQJDLUFUDIWRYHUWKH
3RUW.HPEODSURMHFWDUHDEHWZHHQ0D\DQG'HFHPEHURI7KHVHGDWDVHWVZHUH
VXSSOLHGLQILIW\VHYHQELWFRORXUNP[NPWLOHVLQWLIIDQGHFZIRUPDWVZLWKDSL[HO
UHVROXWLRQRIPFP$OORIWKH$HULDOLPDJHU\GDWDZDVVXSSOLHGLQD7UDQVYHUVH
0HUFDWRU SURMHFWLRQ ZLWK D  *HRFHQWULF 'DWXP RI $XVWUDOLD  0DS *ULG RI
$XVWUDOLD=RQHSURMHFWHGFRRUGLQDWHV\VWHP7KHKHLJKWGDWXPRIWKHVHGDWDVHWV
ZDV WKDW RI WKH $XVWUDOLDQ +HLJKW 'DWXP XVLQJ WKH $XVJHRLG  *HRLG 0RGHO
$$0+DWFKGRFXPHQWHGDQH[SHFWHGDFFXUDF\ZLWKLQ WKH$HULDO LPDJHU\GDWD VHWVRI
PLQWKHKRUL]RQWDODQGPLQWKHYHUWLFDO
$OO RI WKH VXSSOLHG DHULDO LPDJHU\ HFZ WLOHV ZHUHPHUJHG LQWR D VLQJOH JHRGDWDEDVH
JGE DWPD[LPXPFP UHVROXWLRQ DQG WKHQFOLSSHG WKH RXWSXW WR D EXIIHUHG3RUW
3UHFLQFWOD\HUWRUHGXFHWKHILOHVL]HDQGFRLQFLGHZLWKWKHFOLSSHG/L'$5SURGXFWV7KH
FPUHVROXWLRQSURGXFWZDVDOVRUHVDPSOHGWRFUHDWHDFPUHVROXWLRQGDWDVHWIRU
HIILFLHQWYLHZLQJDQGFRPSXWDWLRQLQD'HQYLURQPHQW7KHFPUHVDPSOHGSURGXFW
ZDV DOVR FOLSSHG WR WKH EXIIHUHG 3RUW 3UHFLQFW H[WHQW IRU FRQVLVWHQF\ DQG WR NHHS
SURMHFWILOHVL]HVWRDPLQLPXP
$FRDVWOLQHZDVJHQHUDWHGXVLQJWKHVW-XO\1HZ6RXWK:DOHV6WDWHERXQGDU\
ZKLFKZDVVRXUFHGIURPWKH$XVWUDOLDQ%XUHDXRI6WDWLVWLFVDVDUHIHUHQFH7KHRULJLQDO
VWDWHERXQGDU\GDWDVHWZDVVHW LQD*HRFHQWULF'DWXPRI$XVWUDOLDGDWXPDQG
ZLWKDJHRJUDSKLFDOODWLWXGHVDQGORQJLWXGHVSURMHFWLRQ6PDOOPRGLILFDWLRQVWRWKHEDVH
GDWDVHWZHUHQHHGHGLQVRPHDUHDVZLWKLQWKHSRUWSUHFLQFWVXFKDVMHWWLHVDQGQHZ
ODQGGHYHORSPHQWVDVWKH\KDGQRWEHHQFDSWXUHG7KHVHXSGDWHVZHUHGLJLWL]HGDQG
PHUJHGPDQXDOO\LQWRWKHEDVHGDWDVHWXVLQJWKHFPDHULDOLPDJHU\DVDUHIHUHQFH
SRLQW7KHPDSSLQJRI&2$VUHIOHFWVWKH ORFDWLRQRI WKHLUXVHDQGRQFHDJDLQIROORZV
WKHLUORJLVWLFVIXQFWLRQ
8VLQJ WKH FP DHULDO LPDJHU\ DVVHW IRRWSULQWV ZHUH PDQXDOO\ GLJLWL]HG LQWR D *,6
OD\HUXVLQJIHDWXUHVYLVLEOHIURPWKHLPDJHU\7KLVGLJLWLVHGOD\HUZDVXVHGDVDVSDWLDO
EDVH OD\HUIURPZKLFKWRGHYHORSDVSDWLDODVVRFLDWLRQZLWK WKHDVVHW UHJLVWHU)LJXUH

 'YLVXDOLVDWLRQRISRUWDVVHWV
,QDGGLWLRQWRWKHPDSLQ)LJXUHD'PRGHOZDVGHYHORSHGVKRZLQJYDULRXVSRUW
SUHFLQFW IHDWXUHV )LJXUH  7KH PRGHO SURYLGHV DQ DGGLWLRQDO SHUVSHFWLYH RQ WKH
SRUW¶VDVVHWVLQWHUPVRIKHLJKWDQGVKDSH,QDGGLWLRQWRWKLVWKHPRGHOFDQEHDXVHIXO
PHDQVRIFRPPXQLFDWLQJRXWFRPHVRIRXUYXOQHUDELOLW\DVVHVVPHQWWRVWDNHKROGHUVDV
WKH\DUHDEOHWRYLHZWKHRXWFRPHVLQUHODWLRQWRDVVHWVWKDWDUHFORVHO\UHSUHVHQWDWLYH
RIKRZWKHDVVHWORRNVRQWKHJURXQG
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

7KH PRGHO ZDV GHYHORSHG XVLQJ D FRPELQDWLRQ RI *RRJOH 6NHWFK8S 3UR ILHOG
SKRWRJUDSKV GUDZLQJV DQG REOLTXH DHULDO SKRWRJUDSKV VXSSOLHG E\ 3RUW .HPEOD
*RRJOH 6NHWFK8S 3URZDV LPSOHPHQWHG WR FUHDWH D ' HQYLURQPHQW LQ FRPELQDWLRQ
ZLWK*RRJOH(DUWKDVDEDVHLPDJHU\OD\HU:LWKLQ*RRJOH6NHWFK8S3UR'IHDWXUHV
XVLQJEXLOGLQJWRROVZLWKLQWKHVRIWZDUHSDFNDJHZHUHPDQXDOO\GUDZQ7KHLQWHJUDWLRQ
RI IUHHO\ DYDLODEOH PRGHOV IURP *RRJOH¶V ' :DUHKRXVH DOORZHG IRU WKH '
HQYLURQPHQW WR EH SRSXODWHG ZLWK FRPPRQ IHDWXUHV VXFK DV WUHHV FDUV ERDWV DQG
FRQWDLQHUV 7KH DGKRF GHVLJQ RI PDQ\ RI WKH FUDQHV DQG EXLOGLQJV ZLWKLQ WKH SRUW
SUHFLQFWDUHDQHFHVVLWDWHGWKHPDQXDOJHQHUDWLRQIRUPRUHFRPSOH[IHDWXUHV
7KH *RRJOH 6NHWFK8S ' PRGHOV ZHUH H[SRUWHG DV GDH &ROODGD ILOHV DQG WKHQ
LPSRUWHG LQWR$UF*,6DVJHRGDWDEDVH ILOHVDOORZLQJ IRURWKHUGDWDVHWV WREHXVHG LQ
FRQMXQFWLRQZLWKWKH'PRGHOVHJWKHKLJKUHVROXWLRQ'(0DQGFPDHULDOLPDJHU\
7KH KHLJKW RI WKH LQGLYLGXDO 'PRGHO IHDWXUHVZHUHPRGLILHG WR UHODWH WR VFKHPDWLF
KHLJKWV LI DYDLODEOH IURP GUDZLQJV VXSSOLHG E\ 3RUW .HPEOD ,Q DEVHQFH RI DQ\
VFKHPDWLFGUDZLQJVWKHIHDWXUHKHLJKWVGDWDVHWZDVLPSOHPHQWHG%\XVLQJWKHIHDWXUH
KHLJKWV GDWD VHW WKH ' PRGHOV LQ *RRJOH 6NHWFK8S 3UR ZHUH VFDOHG XS WR WKH
DSSUR[LPDWHKHLJKWRIWKHWDOOHVWIHDWXUHVIRUWKHFRUUHVSRQGLQJIHDWXUH7KHSODFHPHQW
RI WKH ' IHDWXUHV RQ WKH KLJK UHVROXWLRQ DHULDO LPDJHU\ LPSURYHG WKH KRUL]RQWDO
DFFXUDF\ ZKLOVW WKH XVH RI WKH /L'$5 GHULYHG '(0 LPSURYHG WKH YHUWLFDO DFFXUDF\
$UF6FHQHZDVXVHGWRJHQHUDWHWKHILQDOIO\WKURXJKVDVD'YLVXDOL]DWLRQE\XVLQJWKH
/L'$5GHULYHG'(0WKHKLJKUHVROXWLRQDHULDOLPDJHU\DQGWKH'PRGHOVGUDSHGRYHU
WKHWRS
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV
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
Figure  14  Map  of  assets  at  Port  Kembla  
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV
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Figure  15  3D  rendered  visualisation  of  port  assets  

(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV


 6HDOHYHOULVHPRGHOOLQJ
)RU WKHPRGHOOLQJRISRWHQWLDO FOLPDWHFKDQJH LPSDFWV WKHFKRLFH WRPDLQO\ IRFXVRQ
VHDOHYHOULVHZDVGHFLGHGE\WKHDYDLODELOLW\RIGDWDIRUFOLPDWHLPSDFWPRGHOOLQJ,3&&
KLJKFDUERQHPLVVLRQVHDOHYHOULVHVFHQDULR$)KDVEHHQXVHGWRPRGHOWKHOHYHOV
RIVHDULVHLQ3RUW.HPEOD7KH$),LVDKLJKHUHPLVVLRQVFHQDULRWKDWJLYHVDJUHDWHU
HPSKDVLVRQ WKH LQWHQVLYHXVHRI IRVVLOIXHOVDQG UHSUHVHQWVD IXWXUHZLWK IRVVLO IXHO
LQWHQVLYH HFRQRPLF JURZWK DQG D JOREDO SRSXODWLRQ WKDW SHDNVPLGFHQWXU\ DQG WKHQ
GHFOLQHV)RU WKHSXUSRVHRIDFRPSDULVRQDGMXVWHGSURMHFWLRQVRIVHDOHYHO ULVHDUH
SURYLGHGLQ7DEOHWRVKRZWKHGLIIHUHQFHEHWZHHQWZRGLIIHUHQWVFHQDULRV±$),DQG
%
)LJXUHVKRZVWKHORFDWLRQRIWKHEHUWKVDW3RUW.HPEODDQGWKHDUHDVRIJUHDWHUULVN
RILQXQGDWLRQXQGHUWKUHHWLPHSURMHFWLRQVXVLQJWKH$),VFHQDULR7KHUHGFRORXURQ
WKHPDSGHSLFWVDUHDVWKDWDUHDWDJUHDWHUULVNRILQXQGDWLRQ7KHSURYLVLRQDOPRGHOOLQJ
RXWSXWV IRU D VHDOHYHO ULVH VFHQDULR ZHUH UHYLHZHG DGMXVWHG DQG UHYLVHG EDVHG RQ
ILHOGZRUNDQGWKURXJKFRQVXOWDWLRQZLWKH[SHUWVLQWKH3RUW.HPEOD

$VVSDWLDOGDWDUHODWLQJWRKLJKVSHHGZLQGVDQGVWRUPVXUJHZDVQRWDYDLODEOHWR:3
GXULQJWKHWLPHRIWKLVDQDO\VLVDQGVHDOHYHOULVHGDWDZDVWKLVLQIRUPDWLRQZDVXVHG
LQWKHSULPDU\DQDO\VLVRILQXQGDWLRQ7KLVUHVHDUFKDFWLYLW\HYHQZLWKRQO\RQHFOLPDWH
HYHQW VFHQDULR WKHUHIRUH GHPRQVWUDWHV WKH DSSOLFDWLRQ RI D JHRYLVXDOLVDWLRQ
PHWKRGRORJ\ IRU DVVHVVLQJ DVVHW YXOQHUDELOLW\ XVLQJ VHDOHYHO ULVH DV WKH FOLPDWH
LPSDFWRIFRQFHUQ

$VHULHVRIVFUHHQVKRWVZHUHFDSWXUHGIURPWKHWKUHHGLPHQVLRQDOPRYLHVZKLFKWUDFN
DFURVV WKH SRUW SUHFLQFW 7KHVH VFUHHQVKRWV ZHUH JHQHUDWHG DW  QRUPDO
FRQGLWLRQVDQGDW+LJK7LGH6HDOHYHO5LVHVFHQDULRVYLVXDOLVLQJYXOQHUDELOLW\
WR VHDOHYHO ULVH DV VKRZQ LQ )LJXUH  :LWKLQ WKH WKUHHGLPHQVLRQDO PRYLHV WKH
LQXQGDWHGDUHDVDUHYLVXDOLVHGXVLQJDWUDQVSDUHQWUHGPDURRQFRORXU
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Figure  16  The  likely  impact  of  sea-­level  rise  on  the  Port  Kembla  Port  precinct.  
The  red  colour  on  the  map  depicts  areas  that  are  at  a  greater  risk  of  inundation  
under  the  IPCC  high  carbon  emission  sea-­level  rise  scenario  (A1F1).  These  are  
provisional  modelling  outputs  for  a  sea-­level  rise  scenario  that  will  be  reviewed  
and  revised  based  on  field  work  and  through  consultation  with  experts  in  the  
Port  Kembla.  
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Figure  17  Modelled  sea-­level  rise  over  3D  visualisation  of  Port  Kembla  (for  the  
A1FI  Scenario)  

(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

$V WKHDQDO\VLVH[SORUHGDQGYLVXDOLVHGWKH OLNHO\ LPSDFWRI VHDOHYHO ULVHRQ WKHSRUW
SUHFLQFWDVZHOODVRQRSHUDWLRQDODVVHWVXVLQJWKHHVWLPDWHVRIWKHPD[LPXPVHDOHYHO
ULVHSURMHFWLRQVPPIURP&6,52RQO\WKH$),IRUKLJKHPLVVLRQVFHQDULRZDVXVHG
7KH WLPH KRUL]RQ DSSURSULDWH IRU DVVHVVLQJ WKH OLNHO\ LPSDFWV RQ SRUW DVVHWV DQG
RSHUDWLRQVLV\HDUVRIEXVLQHVVF\FOHZKLFKLQFOXGHGWLPHLQWHUYDOVRI
DQG+RZHYHU WKHPD[LPXPVHDOHYHOULVHHVWLPDWHGIRU$)DQG%E\
&6,52 IRU  LV PP DQG PP UHVSHFWLYHO\ 7DEOH  $PD[LPXP ULVH RI
PPUHODWLYHWRVHDOHYHOVE\LVSURMHFWHGIRU16:FRDVWE\WKH1DWXUDO
+D]DUGV 3URILOH 6\GQH\&HQWUDO &RDVW 5HJLRQ 16: *RYW S 7KH ORFDO
FRQILJXUDWLRQ RI FRDVWDO JHRPRUSKRORJ\ KRZHYHU KDV QRW EHHQ FRQVLGHUHG LQ WKH
&6,52VHDOHYHO ULVHSURMHFWLRQVVRDXQLIRUPULVH LQSURMHFWHGVHDOHYHOZDVDSSOLHG
ZLWKRXWDQ\DWWHPSWWRFDSWXUHWKHORFDOYDULDELOLW\RIFRDVW7DEOHVKRZVWKHDGMXVWHG
SURMHFWLRQVRIVHDOHYHO PPIRUSHUFHQWLOHPD[LPDGHULYHGE\DGMXVWLQJ WKH7$5
SURMHFWLRQVWRFRUUHVSRQGWRWKH$5SURMHFWLRQVDW


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$),
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%ORZ
HPLVVLRQ
VFHQDULR
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Table  7  Adjusted  projections  of  sea-­level  (mm)  for  95-­percentile  maxima  

 $GMXVWPHQWVWRGHWHUPLQHWKHEDVHVHDOHYHO
,W ZDV QHFHVVDU\ WR DGMXVW WKH /L'$5 GLJLWDO HOHYDWLRQPRGHO '(0 FDSWXUHG DW WKH
$XVWUDOLDQ+HLJKW'DWXP$+'WRFRQIRUPWRWKH3RUW.HPEOD+HLJKWGDWXP3.+'
ZKLFK LV FDWHJRULVHG DV WKH ORZHVW DVWURQRPLFDO WLGHPDUN /$7 $GMXVWPHQW LQ WKH
'(0 UHTXLUHG XQGHUWDNLQJ WKH IROORZLQJ WZR FRPSXWDWLRQDO WDVNV 7KH ILUVW ZDV WR
LGHQWLI\DVHWRIFRQWUROSRLQWVEHWZHHQWKH/L'$5GDWDXVLQJWKHFPDHULDOLPDJHU\
RYHUOD\ IRU UHIHUHQFHDQGVFKHPDWLFGUDZLQJVVRXUFHGIURP WKH3RUW.HPEOD7KHVH
FRQWURO SRLQWV UHSUHVHQW NQRZQ ORFDWLRQV WKDW H[LVW LQ ERWK GDWD VRXUFHV ZKHUH WKH
KHLJKW DERYH VHD OHYHO KDV EHHQ VXUYH\HG 7KLV ZDV QHFHVVDU\ EHFDXVH WKH DHULDO
LPDJHU\DQGWKH/L'$5GDWDZHUHFDSWXUHGDWGLIIHUHQWSRLQWVLQWLPHDQGDVVXFKWKH
VWDWHRIWLGHFDQQRWEHDFFXUDWHO\GHWHUPLQHG

)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

8VLQJD1HLO&KDUWHUV3W\/WG6XUYH\DQG'HVLJQ6HUYLFHV:DWHUZD\&RQVWUXFWLRQV3W\
/WGVXUYH\GUDZLQJRI3RUW.HPEOD¶V,QQHU+DUERXU%HUWK(DVWDVRIWK2FWREHU
 D VPDOO DUHDRIPð WKDW KDGQRWEHHQPRGLILHG VLQFH WKH/L'$5FDSWXUH
DQGWKDWKDG3RUW.HPEOD+HLJKWGDWXPPHDVXUHPHQWVRQWKHGUDZLQJRYHUWKHVDPH
DUHDZDVLGHQWLILHG)URPWKHVFKHPDWLFGUDZLQJILYHPHDVXUHPHQWVLQ3.+'RYHUWKH
FRQWUROSRLQWDUHDZHUHLGHQWLILHG7KHPHDQKHLJKWRIWKLVDUHDZDVP3.+'
PLQLPXP KHLJKW P 3.+'PD[LPXP KHLJKW P 3.+'ZLWK D VWDQGDUG
GHYLDWLRQRIP
7KHVHFRQGWDVNXVLQJWKHORFDWLRQRIWKHFRQWUROSRLQWVDQGRYHUOD\LQJWKH'(0ZDV
WRVHOHFWDWRWDORIILIW\FHOOV7KHPHDQKHLJKWRIWKHVHFHOOVZDVP$+'WKH
PLQLPXP KHLJKW YDOXH ZDV P $+' WKH PD[LPXP KHLJKW YDOXH ZDV
P$+'ZLWKD VWDQGDUGGHYLDWLRQRI P1H[W E\ VXEWUDFWLQJ WKH3.+'
PHDQKHLJKW YDOXH IURP WKH$+'PHDQKHLJKWYDOXH WKHKHLJKW RI /L'$5'(0ZDV
DVFHUWDLQHG WR EH KLJKHU WKDQ WKH3.+'PHDQ YDOXH 7KHUHIRUH WKH /L'$5
'(0 ZDV DGMXVWHG E\  WR DOLJQ ZLWK WKH 3.+' DW D  OHYHO ,Q RUGHU WR
LGHQWLI\WKHLQGLFDWLYHVHDOHYHOFOLPDWHFKDQJHSUHGLFWLRQDW\HDUIRUH[DPSOHD
IXUWKHUDGGLWLRQRIP IRU WKH$)VFHQDULRZDVDGGHG WR WKHDGMXVWHG/L'$5
YDOXHDORQJZLWKDQDGGLWLRQDOKLJKHVWDVWURQRPLFDOWLGHYDOXHRIPWRHTXDWHWRWKH
PD[LPXPVHDOHYHOKHLJKWRIPDERYHFXUUHQWFRQGLWLRQV>3.@+RZHYHULWPXVW
EHQRWHGWKDWWKHOHYHORILQDFFXUDF\RIWKH/L'$5GDWDVHWFRXOGEHDWPGXH
WR/L'$5FDSWXUHDFFXUDFLHV
 6XPPDU\
7KLVVHFWLRQUHSRUWHGWKHGHYHORSPHQWRIDFRPSUHKHQVLYHPHWKRGRORJ\WRSURGXFHDQ
DVVHW UHJLVWHUDQGWRFUHDWH'DQG'PRGHOVRISRUWDVVHWV$QDVVHW UHJLVWHUZDV
FUHDWHG WR VWRUH WKH UHSRVLWRU\ RI GDWD WKDW LGHQWLILHV DQG SK\VLFDOO\ GHVFULEHV WKH
DVVHWV 3RUW DVVHWVZHUH FODVVLILHG LQWR VHD ODQG DQG VHDODQG LQWHUIDFH DQG FULWLFDO
DVVHW UHODWHGGDWDZDVJDWKHUHGIURPUHOHYDQWSRUWDXWKRULWLHV7KHUHJLVWHUZDVDOVR
VWUXFWXUHG WR VWRUH PDLQWHQDQFH DQG XWLOLVDWLRQ UHODWHG UHFRUGV WR DVVLVW LQ DVVHW
YDOXDWLRQDVVHWOLIHF\FOHDQGSHUIRUPDQFHDVVHVVPHQW
7KHPDSSLQJRIFRUHRSHUDWLRQDODVVHWVXVHGERWK/L'$5GDWDDQGDHULDO LPDJHU\,Q
DGGLWLRQ'YLVXDOLVDWLRQRISRUWDVVHWVZDVGHYHORSHGXVLQJDFRPELQDWLRQRI*RRJOH
6NHWFK8S'PRGHOVILHOGSKRWRJUDSKVGUDZLQJVDQGREOLTXHDHULDOSKRWRJUDSKV7KH
GHYHORSPHQWRIFRPSUHKHQVLYHVWUDWHJLFDVVHWPDQDJHPHQWSODQVLVUHFRPPHQGHGWR
3RUW.HPEODSRUWDXWKRULW\7KH*,6EDVHGVSDWLDOPHWKRGRORJ\GHYHORSHGIRUWKH3RUW
.HPEODFDVHVWXG\SURYLGHVLQQRYDWLYHYLVXDOLVDWLRQFDSDELOLW\IRUEHWWHUXQGHUVWDQGLQJ
WKHYXOQHUDELOLW\RISRUWDVVHWV WRSDUWLFXODUFOLPDWHFKDQJHHYHQWV LQ WKLVFDVH VHD
OHYHOULVH
7KHRXWSXWVRIVHDOHYHOULVHPRGHOOLQJVKRZWKDWWKHLPSDFWRIWKHµ$),KLJKFDUERQ
HPLVVLRQ VFHQDULR¶ IRU 3RUW .HPEOD 3RUW &RUSRUDWLRQ ZRXOG SUREDEO\ EH ORZ WR
PRGHUDWHUHVXOWLQJLQPLQRULQXQGDWLRQDQGVRPHLPSDFWVRQVRPHDVVHWV
+RZHYHULWLVLPSRUWDQWWRQRWHWKDWWKHYLVXDOL]DWLRQDGRSWHGKHUHFDQEHDQHIIHFWLYH
WRRO LQ LGHQWLI\LQJDQGFRPPXQLFDWLQJ WKHSRVVLEOH LPSDFWRQSRUW DVVHWVDQG UHODWHG
EXVLQHVVSURFHVVHV)RULQVWDQFHFRPSDULQJWKHSURMHFWLRQVIRUZLWKWKHFXUUHQW
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

DOORFDWLRQ RI EHUWKV )LJXUH  LQGLFDWHV DQ LQXQGDWLRQ ULVN RQ EHUWKV  ± 
RSHUDWHGE\$XVWUDOLDQ$PDOJDPDWHG7HUPLQDOV$$7XVHGPDLQO\IRUYHKLFOHLPSRUWV
DQGEHUWKVRSHUDWHGE\WKH3RUW.HPEOD&RDO7HUPLQDO3.&7IRUKDQGOLQJ
FRDODQGEXONFDUJR:LWKFRDODQGFRNHPDNLQJXSRI WKHH[SRUWVDQGYHKLFOHV
PDNLQJXSRIWKHLPSRUWVLQVHH7DEOHDQ\ULVNRILQXQGDWLRQIRUWKH
DERYHEHUWKVFRXOGKDYHDPDMRULPSDFWRQWKHSRUW¶VRSHUDWLRQV:KLOHWKHLQXQGDWLRQ
GHPDUFDWLRQV DUH QRW SUHFLVH DQ\ LPSDFW RQ WKH EHUWK IURQWZLOO UHQGHU IL[HG DVVHWV
VXFKDVFUDQHVDQGFRDOORDGHUVXQXVDEOH
7KHUHVXOWVSUHVHQWHGKHUHIRUVHDOHYHOULVHSURMHFWLRQVDUHODUJHO\GDWDGULYHQDQGDUH
WKHUHIRUHVXEMHFWWRHUURU)RUH[DPSOHHUURUVFRXOGEHDVVRFLDWHGZLWKGDWDFDSWXULQJ
SURFHVV DLUERUQH ODVHU VXUYH\V GDWD VSDWLDO UHVROXWLRQ UHFODVVLILFDWLRQ DQG GDWD
FRQYHUVLRQ LH IURP WKH FODVVLILHG /L'$5 JHRGDWDEDVH WR D '(0 GDWDVHW XVLQJ WKH
SRLQWV WR UDVWHU FRQYHUVLRQ IXQFWLRQ7KHUHIRUH IXUWKHU YHULILFDWLRQ DW WKH DVVHW OHYHO
ZLOO EH UHTXLUHG )RU LQVWDQFH VRPH MHWWLHV DQG EHUWKV HJ EHUWKV    DUH
LQFRUUHFWO\VKRZQWREHLQXQGDWHG5HDVRQVIRUWKLVFRXOGEHWKDWWKHLQIUDVWUXFWXUHZDV
QRWEXLOWRUFRXOGQRWEHGHWHFWHGDWWKHWLPHWKH/L'$5LPDJHU\ZDVFDSWXUHG
7KLVVHFWLRQKDVSURYLGHGDSUHOLPLQDU\PRGHOOLQJRXWSXWRIWKHLPSDFWRIVHDOHYHOULVH
EDVHGRQWKH,3&&KLJKHPLVVLRQVVFHQDULR7KHPRGHODQGVLPXODWLRQFUHDWHGIRUWKLV
VWXG\FDQDOVREHDSSOLHGWRRWKHU$XVWUDOLDQSRUWV
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV


 MAPPING  PERCEIVED  ASSET  VULNERABILITY  AND  A  
CROSS  CASE  COMPARISON  
7KLVVHFWLRQHYDOXDWHVWKHSHUFHSWLRQRIYXOQHUDELOLW\RISRUW¶VDVVHWVDVUHIOHFWHGXSRQ
E\ SRUW H[SHUWV XVLQJ 3RUW .HPEOD 3RUW &RUSRUDWLRQ DV D FDVH VWXG\ 7KLV VHFWLRQ
VSHFLILFDOO\DLPVWRDQVZHU µ:KDWDUH WKHNH\YXOQHUDELOLWLHVRISRUW IXQFWLRQDODVVHWV
DQGWRZKLFKFOLPDWLFYDULDEOHV"¶
7KHUH DUH QXPHURXV PHWKRGV GRFXPHQWHG IRU KRZ WR DVVHVV WKH YXOQHUDELOLW\ RI
FRDVWDO DVVHWV WR FOLPDWH FKDQJH DQG ZHDWKHU LPSDFWV 5DPLHUL HW DO  DQG
$EXRGKD DQG:RRGURIIH  GHVFULEH VHYHUDO RI WKHVHPHWKRGV LQFOXGLQJ LQGH[
EDVHG PHWKRGV LQGLFDWRUEDVHG DSSURDFKHV *,6EDVHG GHFLVLRQ VXSSRUW V\VWHPV
DQGPHWKRGVEDVHGRQG\QDPLFFRPSXWHUPRGHOV ,Q WKLVVWXG\HDFKSRUW UDWHGKRZ
YXOQHUDEOHHDFKFRUHRSHUDWLRQDODVVHWFUXFLDOWRWKHLUFDUJRKDQGOLQJSURFHVVHVZDV
WR WKH FOLPDWH YDULDEOHV RI PRVW FRQFHUQ LH GDWD FROOHFWHG ZDV RQ WKH ³SHUFHLYHG
YXOQHUDELOLW\´ E\ WKH SRUW H[SHUWV UHODWHG 7KLV LQYROYHG WKH NH\ SRUW RSHUDWLRQDO
UHSUHVHQWDWLYHVFRPSLOLQJDQDVVHWUHJLVWHUIRUHDFKRIWKHVHDSRUWORJLVWLFLQWHUIDFHV±
VHD VHDODQG DQG ODQG ± DQG WKHQ UDWLQJ HDFK DVVHW RQ D YXOQHUDELOLW\ UDWLQJ VFDOH
GHYHORSHGLQFRQVXOWDWLRQZLWKSRUWRSHUDWLRQPDQDJHUV
0DQ\SRUWVDURXQGWKHZRUOGDUHWDNLQJWKHLQLWLDWLYHLQFRPPLVVLRQLQJULVNDVVHVVPHQW
DQG DGDSWDWLRQ VWXGLHV WR KHOS DVFHUWDLQ ORFDOLVHG ULVNV DQG DGDSWDWLRQ FDSDFLW\
7HUPLQDO0DULWLPR0XHOOHV(O%RVTXHLQ&ROXPELD6WDQHNHWDO3'7HHVSRUWLQ
WKH8QLWHG.LQJGRP+DVNRQLQJ8./WGDQG3RUW.HPEODLQ$XVWUDOLD$(&20
$XVWUDOLD  DUH H[DPSOHV RI WKLV *HQHUDOO\ DVVHVVPHQW PHWKRGV XVH GDWD
FROOHFWHG GLUHFWO\ IURP NH\ VWDNHKROGHU JURXSV DQG IXWXUH FOLPDWH LQIRUPDWLRQ 7KH
,QWHUQDWLRQDO$VVRFLDWLRQRI3RUWVDQG+DUERUV,$3+KDYHUHOHDVHGJXLGHOLQHV
IRU SODQQLQJ DGDSWDWLRQ PHDVXUHV DJDLQVW IXWXUH FOLPDWH FKDQJHV IRU WKH SRUWV
FRPPXQLW\  7KHVH JXLGHOLQHV SURYLGH DVSHFWV WKDW QHHG WR EH FRQVLGHUHG ZKHQ
FRQGXFWLQJ VHQVLWLYLW\ DQG DGDSWLYH FDSDFLW\ DQDO\VHV DV SDUW RI D YXOQHUDELOLW\
DVVHVVPHQW ,$3+7KHDVSHFWVRI WKH ,$3+JXLGHOLQHVXVHG LQ WKLV VWXG\
ZHUHOLVWHGHDUOLHULQLQILJXUH


Figure  18  Vulnerability  mapping  and  cross-­case  comparison  
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

7KH'HFHPEHULQWHULPUHSRUWIRUWKLVZRUNSDFNDJHDVSDUWRIWKH(QKDQFLQJWKH
UHVLOLHQFH RI VHDSRUWV WR D FKDQJLQJ FOLPDWH SURMHFW SURSRVHG D IUDPHZRUN IRU
DVVHVVLQJ YXOQHUDELOLW\ ,W LQYROYHG WKH XVH RI *,6 VSDWLDO DQDO\VLV LQ DVVHVVLQJ
YXOQHUDELOLW\EXWEHFDXVHRIWKHXQDYDLODELOLW\RI*,6GDWDIRUWKH3RUWRI*ODGVWRQHDQG
WKHFRPPHUFLDOO\FRQILGHQWLDOLGHQWLW\RIWKHWHUPLQDORSHUDWRUDWWKH3RUWRI6\GQH\WKH
IUDPHZRUN ZDV UHYLVHG WR IRFXV RQ YXOQHUDELOLW\ DVVHVVPHQWV WKDW FRPH IURP WKH
ZRUNLQJ NQRZOHGJH DQG SHUFHSWLRQV RI SRUW DXWKRULW\ H[SHUWV 7KH PHWKRG IRU
DVVHVVLQJYXOQHUDELOLW\SUHVHQWHGLQ)LJXUHLVRXWOLQHGEHORZ
 'HILQLQJYXOQHUDELOLW\
7KH,QWHUJRYHUQPHQWDO3DQHORQ&OLPDWH&KDQJH,3&&KDYHGHILQHGYXOQHUDELOLW\DV
µ7KHGHJUHHWRZKLFKDV\VWHPLVVXVFHSWLEOHWRRUXQDEOHWRFRSHZLWK
DGYHUVHHIIHFWVRIFOLPDWHFKDQJHLQFOXGLQJFOLPDWHYDULDELOLW\DQGH[WUHPHV
9XOQHUDELOLW\LVDIXQFWLRQRIWKHFKDUDFWHUPDJQLWXGHDQGUDWHRIFOLPDWH
YDULDWLRQWRZKLFKDV\VWHPLVH[SRVHGLWVVHQVLWLYLW\DQGLWVDGDSWLYHFDSDFLW\¶
0F&DUWK\HWDO

7KLVPD\EHH[SUHVVHGE\WKHIROORZLQJIRUPXOD
9XOQHUDELOLW\ ([SRVXUH[6HQVLWLYLW\$GDSWLYH&DSDFLW\
([SRVXUHUHIHUVWRDV\VWHPEHLQJVXEMHFWWRWKHH[SHULHQFHRIFOLPDWHVWUHVVRUVVXFK
DVFKDQJHVLQSDWWHUQVLQFUHDVHRUGHFUHDVHLQDYHUDJHVDQGFKDQJHVLQIUHTXHQF\RI
H[WUHPH HYHQWV 6HQVLWLYLW\ LV WKH UHVSRQVLYHQHVV RI D V\VWHP WR FOLPDWH VWUHVVRUV
ZKHUHLWLVRIWHQDVVXPHGWKDWWKHKLJKHUWKHVHQVLWLYLW\WKHODUJHUWKHUDWHRUPDJQLWXGH
RIDQDGYHUVHUHVSRQVHWRDVWUHVVRUDQGDGDSWLYHFDSDFLW\UHIHUVWRDV\VWHPVDELOLW\
WR FKDQJH LQ D ZD\ WKDW PDNHV LW EHWWHU HTXLSSHG WR PDQDJH LWV H[SRVXUH DQG
VHQVLWLYLW\ZDVZHOODVWKHDELOLW\WRUHVSRQGWRH[LVWLQJLPSDFWV
)RUWKHSXUSRVHVRIWKLVVWXG\WKH,3&&GHILQLWLRQLVLQWHUSUHWHGDV
7KHGHJUHHWRZKLFKRSHUDWLRQDOSURFHVVHVGXULQJEHUWKLQJ ORDGLQJDQGXQORDGLQJDW
WKH VHD VHDODQG DQG ODQG ORJLVWLFDO LQWHUIDFHV DUH VXVFHSWLEOH WR FOLPDWLF H[WUHPHV
9XOQHUDELOLW\ LVDIXQFWLRQRI WKHFKDUDFWHUPDJQLWXGHDQGUDWHRIFOLPDWHYDULDWLRQWR
ZKLFKDV\VWHPLVH[SRVHGLWVVHQVLWLYLW\DQGLWVDGDSWLYHFDSDFLW\
 9XOQHUDELOLW\UDWLQJV
6LQFH YXOQHUDELOLW\ LV WKH FRPELQDWLRQ RI H[SRVXUH VHQVLWLYLW\ DQG DGDSWLYH FDSDFLW\
FOLPDWH LPSDFW DVVHVVPHQW PDWULFHV ZHUH GHVLJQHG WR JDXJH WKH H[SRVXUH DQG
VHQVLWLYLW\ RI RSHUDWLRQDO DVVHWV WR FOLPDWH YDULDEOHV DW WKH VHD VHDODQG DQG ODQG
LQWHUIDFHVHH$SSHQGL[2SHUDWLRQDODVVHWVWKDWZHUHUDWHGDVKDYLQJDKLJKOHYHORI
VHQVLWLYLW\ZHUHLQYHVWLJDWHGIXUWKHUWRDVVHVVWKHFDSDFLW\RIRSHUDWLRQDOSURFHVVHVWR
DGDSW GXULQJ DQG DIWHU LPSDFW FDXVHG E\ D FOLPDWH YDULDEOHV 7KH DVVHVVPHQW
FRQFOXGHG WKDW RQFH DVVHWV DUH LQRSHUDEOH GXH WR FOLPDWH LPSDFWV WKH DGDSWLYH
FDSDFLW\RIWKHFDUJRKDQGOLQJV\VWHPXQORDGLQJORDGLQJEHWZHHQVKLSDQGWUXFNWUDLQ
WR FRQWLQXH RSHUDWLRQV LV ]HUR 6LQFH YXOQHUDELOLW\ LV QRZ VHHQ DV SULPDULO\ DQ
H[SUHVVLRQ RI H[SRVXUH DQG VHQVLWLYLW\ WKH PDWULFHV DUH UHIHUUHG WR DV ³YXOQHUDELOLW\
UDWLQJV´

)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

9XOQHUDELOLW\ UDWLQJV UDQN WKHSHUFHLYHGPDJQLWXGHRI LPSDFW SRUW DVVHWVDUH OLNHO\ WR
H[SHULHQFHJLYHQH[SRVXUHWRWKHPRVWWKUHDWHQLQJFOLPDWHYDULDEOHV7KHSHUIRUPDQFH
RI HDFK DVVHW ZDV UDWHG DFFRUGLQJ WR SURGXFWLYLW\ FKDQJHV WKDWPD\ RFFXU GXULQJ D
FOLPDWHHYHQW5DWLQJVZHUHDOORFDWHGE\SRUWUHSUHVHQWDWLYHVZKRZHUHDEOHWRGHULYH
WKH EDVLV RI HDFK UDWLQJ IURP YDULRXV VRXUFHV LQFOXGLQJ ORJJHG UHFRUGV UHSRUWV
SHUVRQDOH[SHULHQFHRU WKHH[SHULHQFHRIRWKHUV ,Q WKHUDWLQJV LOOXVWUDWHG LQ7DEOH
VFDOHG IURP WR PHDQV µQRW DW DOO YXOQHUDEOH¶ZKLOHPHDQV µRSHUDWLRQFHDVHG
RSHUDWLRQGRZQIRUZHHNVRUPRUH¶7KHGDWDFROOHFWHGRQFOLPDWHLPSDFWDVVHVVPHQW
PDWUL[DFURVVDOOFDVHVWXG\SRUWVDUHSURYLGHGDVDSSHQGLFHVVHH$SSHQGL[WKURXJK
WR

9XOQHUDELOLW\ VXUYH\V FXVWRPLVHG IRU SRUW DVVHW UHJLVWHUVZHUH HPDLOHG WR HDFKSRUW
DQGUDWLQJVFROOHFWHG7KHOHIWFROXPQRIWKHYXOQHUDELOLW\PDWUL[FRQVLVWHGRIDOLVWRIDOO
DVVHWV LGHQWLILHGE\ WKHSRUWDQGFDWHJRULVHGDFFRUGLQJ WRZKLFK ORJLVWLF LQWHUIDFH WKH
DVVHWZDVXVHGLHVHDVHDODQGRUODQGDQGWKHDVVHW¶VFRUHIXQFWLRQ7KHFOLPDWH
HYHQWVRIPRVWFRQFHUQDVLGHQWLILHGE\SRUWDXWKRULWLHVLQGLVFXVVLRQZHUHOLVWHGDORQJ
WKHWRSRIWKHPDWUL[7KHPDWUL[ZDVVHQWWRSRUWUHSUHVHQWDWLYHVLQDQHGLWDEOHILOHVR
WKDWDGGLWLRQDODVVHWVRUFOLPDWHYDULDEOHVFRXOGEHDGGHGWRWKHPDWUL[D[HVLIQHHG


9XOQHUDELOLW\UDWLQJ 5DWLQJGHVFULSWLRQ
 1RWDWDOOYXOQHUDEOH
 6RPHZKDWYXOQHUDEOH
 0RGHUDWHO\YXOQHUDEOH2SHUDWLRQGRZQIRUKRXUV
 6LJQLILFDQWO\YXOQHUDEOH2SHUDWLRQGRZQIRUGD\V
 2SHUDWLRQFHDVHG2SHUDWLRQDOGRZQIRUZHHNVRUPRUH
Table  8  Rating  scale  for  asset  vulnerability  to  climate  variables  
 'DWDFROOHFWLRQ 
7KHDVVHVVPHQWRIZKLFKDVVHWVDUHDWULVNWRFOLPDWHYDULDEOHVDQGWKHGHJUHHRIWKHLU
YXOQHUDELOLW\ UHTXLUHG WKH LGHQWLILFDWLRQRIFRUHRSHUDWLRQDODVVHWVDQG WKHNH\FOLPDWH
YDULDEOHVZKLFKZHUHRIPRVWFRQFHUQWRHDFKSRUW,WDOVRUHTXLUHGDQDVVHVVPHQWRI
KRZWKHVHYDULDEOHVLPSDFWHGXSRQWKHSURGXFWLYLW\UDWHRIQRUPDOO\IXQFWLRQLQJDVVHWV
)XUWKHUPRUH LQ RUGHU WR XQGHUVWDQG WKH SRWHQWLDO LPSDFWV RI FOLPDWH FKDQJH RQ
RSHUDWLRQDOSURFHVVHVZHDOVRQHHGHGWRJDWKHUSURMHFWHGFOLPDWHLQIRUPDWLRQRIPRVW
FRQFHUQ WR HDFKSRUW DQG UHOHYDQW WR HDFKSRUWV JHRJUDSKLF ORFDWLRQ ,Q UHVSRQVH WR
WKLVWKHIROORZLQJVWHSVZHUHXVHGLQFROOHFWLQJWKHGDWDUHTXLUHG
x &RPSLODWLRQRIDQDVVHWUHJLVWHUIRUHDFKSRUW
x 2EWDLQYXOQHUDELOLW\UDWLQJVIRUHDFKDVVHWDJDLQVWFOLPDWHYDULDEOHVFRQVLGHUHG
DWKUHDWWRWKHDUHD
x &ROOHFWFOLPDWHLQIRUPDWLRQIRUDOOWKUHHUHJLRQVRQIXWXUHSURMHFWHGFOLPDWH
FKDQJHV
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

 0DSSLQJWKHYXOQHUDELOLW\RIDVVHWV
7KHDVVHWYXOQHUDELOLW\PDSV)LJXUH)LJXUH)LJXUHZHUHFUHDWHGXVLQJ*,6
EDVHG GDWD FROOHFWHG DQG SURFHVVHG DV D FRPSRQHQW RI FKDSWHU IRXU 'DWD XVHG WR
FUHDWHWKHPDSVLQFOXGHVWKHDVVHWUHJLVWHUFRPSLOHGDVSDUWRI WKLVUHVHDUFKDQGWKH
YXOQHUDELOLW\UDWLQJVDOORFDWHGE\SRUWDXWKRULWLHV LQ7DEOH1RWHWKDWDOOWKHIROORZLQJ
ILJXUHV GHSLFW UDWLQJV RI YXOQHUDELOLW\ EDVHG RQ DVVHVVPHQWV REWDLQHG IURP SRUW
DXWKRULWLHV)LJXUHPDSVWKHDVVHWVLQWKHSRUWSUHFLQFWSHUFHLYHGWREH³PRGHUDWHO\
YXOQHUDEOH´UDWLQJRIDQG³VLJQLILFDQWO\YXOQHUDEOH´UDWLQJRIWRKLJKVSHHGZLQGV
DV OLVWHG LQ 7DEOH  )LJXUH  GHSLFWV WKH DVVHWV SHUFHLYHG WR EH ³PRGHUDWHO\
YXOQHUDEOH´ DQG ³VLJQLILFDQWO\ YXOQHUDEOH´ UDWHG WR6WRUP6XUJH 66 DQG VLPLODUO\
)LJXUHGHSLFWVWKHVHYXOQHUDELOLWLHVIRU+LJK6SHHG:LQGV+6:ZKLFKRXWRIWKH
VHYHQFOLPDWLFHYHQWVFRQVLGHUHGLQ7DEOHKDV\LHOGHGDUDWLQJRIRXWRILQ)LJXUH
,QRWKHUZRUGV)LJXUH)LJXUH)LJXUHVKRZWKHPRVWYXOQHUDEOHDVVHWVDV
SHUFHLYHGE\3.WRWKHFOLPDWLFHYHQWVXQGHUFRQVLGHUDWLRQ
7KHPRVWYXOQHUDEOHDVVHWVWRVWRUPVXUJHDUHWKHEUHDNZDWHUVVSHFLILFDOO\1RUWKHUQ
DQG (DVWHUQ EUHDNZDWHUV PDUNHG DV ³VLJQLILFDQWO\ YXOQHUDEOH´ UDWHG  )LJXUH 
VKRZVEHUWKXVHGE\3RUW.HPEODIRUEXONOLTXLGKDQGOLQJZKHUHWKHEHUWKLWVHOILV
UDWHG DV ³VLJQLILFDQWO\ YXOQHUDEOH´ UDWHG  WR KLJK VSHHG ZLQGV ORFDWHG RII WKH
1RUWKHUQ EUHDNZDWHU$V FDQ EH VHHQ LQ)LJXUH DQ\ YXOQHUDELOLW\ GXH WR D VWRUP
VXUJHRQ WKH1RUWKHUQEUHDNZDWHUPDNHV WKH3RUW.HPEOD&RDO7HUPLQDOYXOQHUDEOH
ZKLFK LV SRVLWLRQHG OHVV WKDQ P IURP WKH EUHDNZDWHU )LJXUH  VXPPDULVHV WKH
PD[LPXPYXOQHUDELOLW\ UDWLQJ DOORFDWHG WR DVVHWV E\3RUW$XWKRULWLHV IRU HDFK FOLPDWH
YDULDEOH2QO\UDWLQJVRIDQGDERYHDUHVKRZQ1RDVVHWZDVDOORFDWHGDUDWLQJRI
KLJK YXOQHUDELOLW\ ZKHUH RSHUDWLRQV ZRXOG FHDVH ,Q JHQHUDO WKH YXOQHUDELOLW\ RI
EUHDNZDWHUV RQ WKH RXWHU KDUERXU SRVHV D ULVN WR WKH SRUW RSHUDWLRQV LQ WKH LQQHU
KDUERXU EHUWKV )RU H[DPSOH %HUWKV  ±  LQ WKH LQQHU KDUERXU RSHUDWHG E\
%OXH6FRSHVWHHO$XVWUDOLDQ$PDOJDPDWHG7HUPLQDOV3RUW.HPEOD&RDO7HUPLQDODQG
7KH3RUW.HPEOD*UDLQ7HUPLQDODUHPDUNHGDV³VLJQLILFDQWO\YXOQHUDEOH´WRKLJKVSHHG
ZLQGV7KH\DUGFUDQHVRSHUDWLQJRQ WKH%OXH6FRSHVWHHO WHUPLQDOZKHUHEHUWKV
DQGDUH ORFDWHGDUHDOVRSHUFHLYHG WREH ³VLJQLILFDQWO\YXOQHUDEOH´ WRKLJKVSHHG
ZLQGV7KHDIRUHPHQWLRQHGWHUPLQDOVKDQGOHWKHPDMRULW\RIWKHFDUJRKDQGOHGWKURXJK
3RUW.HPEODLHFRDOFRNHVWHHOPRWRUYHKLFOHVDQGJUDLQ OHDGLQJWRVLJQLILFDQWULVN
WRSRUWRSHUDWLRQVGXHWRKLJKVSHHGZLQG


)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV


Figure  19  Port  Kembla  operational  asset  vulnerability  to  high  speed  winds  
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV


Figure  20  Port  Kembla  operational  asset  vulnerability  to  storm  surge  
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV


Figure  21  Maximum  vulnerability  rating  of  assets  for  each  climate  variable.    
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

 &URVVFDVHDQDO\VLV
7KHDQDO\VLVZDVXQGHUWDNHQWRLQYHVWLJDWHZKLFKFOLPDWHYDULDEOHVZHUHSHUFHLYHGDV
PRVWFRQFHUQWRHDFKSRUWDQGZKLFKDVVHWVZHUHXQGHUJUHDWHVWWKUHDW&RPSDULVRQV
ZHUH PDGH EHWZHHQ WKH SRUWV DQG FRPPRQDOLWLHV DQG GLIIHUHQFHV LGHQWLILHG 7KH
DQDO\VLVDOVRVHWWKHEDVLVIRUGLVFXVVLRQRQFOLPDWHLPSDFWVDWWKHVHDVHDODQGDQG
ODQG LQWHUIDFHV XVLQJ D YLVXDOLVDWLRQ PHWKRG DV D WRRO IRU FRPSDULQJ SDWWHUQV
VLPLODULWLHV DQG GLIIHUHQFHV EHWZHHQ WKH SRUWV FOLPDWH YDULDEOHV DQG OHYHOV RI
YXOQHUDELOLW\

7RDVVHVVFOLPDWHYDULDEOHVWKDWDUHRIJUHDWHVWFRQFHUQWRHDFKSRUWFOLPDWHYDULDEOHV
ZHUHUDQNHGIURPPRVWWROHDVWFRQFHUQ$VFRUHZDVDOORFDWHGWRHDFKFOLPDWHYDULDEOH
IRU HDFK SRUW ZKHUH D KLJKHU VFRUH PHDQW JUHDWHU FRQFHUQ 2YHUDOO VFRUHV ZHUH
FDOFXODWHGE\VXPPLQJUDWLQJVWREHFDXVHDUDWLQJRIUHSUHVHQWHGDVVHWVWKDWDUH
QRW DW DOO YXOQHUDEOH WR FOLPDWH LPSDFWV 6LQFH WKH DQDO\VLV LV FRQFHUQHG RQO\ ZLWK
DVVHWVWKDWDUHVHQVLWLYHWRFOLPDWHYDULDEOHVVFRUHVRIZHUHH[FOXGHG

7KHPRVW FRPPRQO\ RFFXUULQJ OHYHO RI YXOQHUDELOLW\ PRGH IRU HDFK FOLPDWH YDULDEOH
ZDVDOVRSURYLGHG WRFODULI\ WKDWDOWKRXJKDFOLPDWHYDULDEOHKDVEHHQ LGHQWLILHGDVD
KLJKFRQFHUQIRUDSRUW LWGRHVQRWPHDQWKDWWKLVFOLPDWHYDULDEOH LVDKLJKWKUHDWWR
HYHU\DVVHW,QVRPHFDVHVDKLJKUDWLQJZDVJLYHQWRRQO\DIHZDVVHWVZKHUHDVDOO
RWKHUDVVHWVZHUHUDWHGDVµQRWDWDOO¶YXOQHUDEOH7KLVLVWKHFDVHDW*ODGVWRQHZKHUH
ERDWV KHOLFRSWHUV DQG *36 QDYLJDWLRQ DLGV ZHUH DOO UDWHG DV EHLQJ VLJQLILFDQWO\
YXOQHUDEOHKRZHYHUDOORWKHUDVVHWVDUHµQRWDWDOO¶YXOQHUDEOH7KHDQDO\VLVIRUWKHVHD
VHDODQG DQG ODQG LQWHUIDFHV DW HDFK SRUW ZDV FRPSOHWHG ZLWK JUDSKV XVHG WR
YLVXDOLVH WKH KLJKHVW DOORFDWHG YXOQHUDELOLW\ UDWLQJ IRU HDFK FOLPDWH YDULDEOH DQG WKH
PRGH'LVFXVVLRQ LQFOXGHGVLPLODULWLHVDQGGLIIHUHQFHVEHWZHHQ WKHSRUWV WKHLU WKUHH
LQWHUIDFHV DQG EHWZHHQ FOLPDWH YDULDEOHV (DFK RI WKH WKUHH FDVH VWXG\ SRUWV ZDV
VWXGLHG LQGLYLGXDOO\ WR UHDFK D FRQFOXVLRQ KDYLQJ FURVV FRPSDULVRQV GLVFXVVLQJ WKH
LPSOLFDWLRQVRIIXWXUHFOLPDWHSURMHFWLRQVRQWKHSRUWV


Figure  22  Berth  201  and  the  Northern  
Breakwater  (significantly  vulnerable  to  high-­
speed  winds)  

Figure  23  Port  Kembla  Coal  Terminal  
(significantly  vulnerable  to  storm  surge  by  
proximity  to  Northern  Breakwater)  
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV



 *ODGVWRQH3RUW&RUSRUDWLRQ
&OLPDWHYDULDEOHVRIPRVWFRQFHUQ
7KHPRVWKLJKO\ UDWHGFOLPDWH WKUHDW WR*ODGVWRQHZDVVHYHUH WURSLFDO F\FORQHZKLFK
DIIHFWVRSHUDWLRQDODVVHWVDWDOOWKUHHORJLVWLFLQWHUIDFHVVHDVHDODQGDQGODQGZLWKD
VLJQLILFDQWO\ KLJK YXOQHUDELOLW\ OHYHO )ROORZLQJ RQ IURP F\FORQHV FOLPDWH YDULDEOHV RI
PRVW WR OHDVWFRQFHUQZHUHIRJVWRUPVXUJHKLJKVSHHGZLQGV IODVK IORRGV IORRGV
KHDWZDYHWLGDOFKDQJHVDQGVHDOHYHOULVH)LJXUH6WRUPVXUJHKLJKVSHHGZLQGV
DQG IODVK IORRGVZHUH WKH RQO\ RWKHU FOLPDWH YDULDEOHV SHUFHLYHG WR EH RI VLJQLILFDQW
WKUHDWDQGWRRQO\DIHZDVVHWV6HDOHYHOULVHZDVQRWSHUFHLYHGDVEHLQJDWKUHDWWR
DQ\DVVHWOLVWHG

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Figure  24  Gladstone  Ports;;  Climate  variables  of  most  concern  
$VVHWVRIPRVWFRQFHUQ
$W VHD DOO DVVHWV ZHUH UDQNHG DV EHLQJ VLJQLILFDQWO\ YXOQHUDEOH WR VHYHUH WURSLFDO
F\FORQHV%RDWVKHOLFRSWHUVDQG*36EDVHVWDWLRQSLORWQDYLJDWLRQDLGVZHUHUDQNHGDV
EHLQJ VLJQLILFDQWO\ YXOQHUDEOH WR KLJK VSHHG ZLQGV DQG DXWRPDWLF JDXJHV ZHUH
SHUFHLYHGDVEHLQJVLJQLILFDQWO\YXOQHUDEOHWRVWRUPVXUJH

6LPLODUO\ DW WKH VHDODQG LQWHUIDFH VHYHUH WURSLFDO F\FORQHV KDYH D KLJK LPSDFW RQ
RSHUDWLRQDO DVVHWV XVHG ZLWKLQ WKH 1DYLJDWLRQ DQG 3LORWDJH IXQFWLRQ ZKLFK LQFOXGHV
PDLQO\ OHDGLQJ OLJKWV )RJ ZDV DOVR D SUREOHP IRU WKHVH DVVHWV $OO RWKHU FOLPDWH
YDULDEOHV ZHUH QRW D FRQFHUQ $W WKH 'RFNLQJ IXQFWLRQ ZLWKLQ WKH VHDODQG LQWHUIDFH
VHYHUH WURSLFDO F\FORQHV ZHUH VHHQ DV D SUREOHP IRU VZLQJ PRRULQJ EXR\V DW WKH
PDULQDDVZHOODVPRRULQJSLOHVDW$XFNODQG&UHHN6WRUPVXUJHZDVDPRGHUDWHWKUHDW
DWWKH$XFNODQG3RLQWGRFNLQJWHUPLQDODWDOOEHUWKV

(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV


2Q ODQG VHYHUH WURSLFDO F\FORQHV ZHUH DOVR SHUFHLYHG DV EHLQJ RI PRVW WKUHDW WR
DVVHWVSDUWLFXODUO\DW$XFNODQG3RLQWZKHUHWKHJDQWU\ORDGHUZDVDOORFDWHGDUDWLQJRI
³´PHDQLQJRSHUDWLRQZRXOGFHDVHIRUZHHNVRUPRUHDIWHULPSDFW7KHJDQWU\ORDGHU
DW$XFNODQG3RLQWZDVDOVR UDWHGDVEHLQJPRGHUDWHO\YXOQHUDEOH WRERWKKLJKVSHHG
ZLQGVDQGVWRUPVXUJH:HH[SORUHGZKHWKHUDOWHUQDWLYHPDFKLQHU\RUSURFHVVHVFDQ
EH XVHG ZKLOH D JDQWU\ ORDGHU LV LQRSHUDEOH WR PLQLPLVH SURGXFWLYLW\ ORVV DQG WKH
UHVSRQVH ZDV ³1R´ $XFNODQG 3RLQW¶V 1R  ZKDUI DQG WKH DGMDFHQW *ODGVWRQH
&RQWDLQHU 7HUPLQDO DUH XVHG WR KDQGOH DOO FRQWDLQHULVHG DQG JHQHUDO FDUJRHV
*ODGVWRQH3RUWV&RUSRUDWLRQ
7KH JDQWU\ ORDGHU DW WKH 5* 7DQQD FRDO WHUPLQDO ZDV DOVR UDQNHG KLJKO\ DV
³VLJQLILFDQWO\YXOQHUDEOH´WRVHYHUHWURSLFDOF\FORQHVDQGPRGHUDWHO\YXOQHUDEOHWRKLJK
VSHHGZLQGV
&DUJRWUDQVSRUWDQGVWRUDJHZHUHUDWHGDVPRGHUDWHO\YXOQHUDEOHWRVWRUPVXUJHDQG
IORRGV
 3RUW.HPEOD3RUW&RUSRUDWLRQ
&OLPDWHYDULDEOHVRIPRVWFRQFHUQ
)LJXUHVKRZVWKDWKLJKVSHHGZLQGVZHUHLGHQWLILHGDVWKHFOLPDWHYDULDEOHRIPRVW
FRQFHUQDW3RUW.HPEODVFRULQJDURXQGSHUFHQWKLJKHUWKDQIODVKIORRGVZKLFKUDWHG
VHFRQG6WRUPVXUJHWLGDOFKDQJHVDQGKHDWZDYHZHUHUDWHGFORVHO\6WUHDPIORRGLQJ
ZDVQRWSHUFHLYHGDVEHLQJDODUJHWKUHDWWRRSHUDWLRQVZLWKIORRGLQJWKHRQO\YDULDEOH
QRWWREHUDWHGDERYH)RUWKHPDMRULW\RIYDULDEOHVWKHKLJKHVWUDWLQJDOORFDWHGZKLFK
RFFXUUHGPRVWRIWHQZDVVRPHZKDWYXOQHUDEOH7KLVZDVWKHFDVHIRUKLJKVSHHG
ZLQGVKRZHYHUWKHIUHTXHQF\RID³´UDWLQJH[FHHGHGWKDWRIDRUE\RQO\RQHFRXQW
± DOPRVW KDOI RI WKH DVVHWV ZHUH LGHQWLILHG DV EHLQJ HLWKHUPRGHUDWHO\ UDWH RI  RU
VLJQLILFDQWO\ YXOQHUDEOH UDWH RI  WR KLJK VSHHG ZLQGV $ UDWLQJ RI  VLJQLILFDQWO\
YXOQHUDEOHZDVWKHPRVWFRPPRQRFFXUULQJUDWLQJIRUVWRUPVXUJH

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Figure  25  Port  Kembla;;  Climate  variables  of  most  concern    
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV


$VVHWVRIPRVWFRQFHUQ
$VVHWV RI PRVW FRQFHUQ DW VHD ZHUH FDUJR YHVVHOVVKLSV ZKLFK ZHUH VLJQLILFDQWO\
YXOQHUDEOHWRKLJKVSHHGZLQGVDQGVWRUPVXUJH$WWKHVHDODQGLQWHUIDFHWKHUHZHUH
DJUHDWHUQXPEHURIDVVHWVXVHGWRFDUU\RXWSURFHVVHVWKXVWKHKLJKVSHHGZLQGVDQG
VWRUP VXUJHZHUH SHUFHLYHG DV KDYLQJ WKH JUHDWHVW LPSDFW DW WKH VHDODQG LQWHUIDFH
ZLWKVKLSV¶FUDQHVUDWHGDVEHLQJVLJQLILFDQWO\YXOQHUDEOHIURPERWKYDULDEOHV/HDGLQJ
OLJKWV FRPPXQLFDWLRQ HTXLSPHQW DQG WKH EUHDNZDWHU ZHUH GHHPHG DV VLJQLILFDQWO\
YXOQHUDEOHWRVWRUPVXUJHDQGEHUWKVVKRUHFUDQHVDQGJUDEXQORDGHUVWRKLJKVSHHG
ZLQGV6HDOHYHOULVHZDVVHHQDVDPRGHUDWHWKUHDWWRVKRUHFUDQHVJUDEXQORDGHUV
JUDLQORDGHUVDQGFRDOORDGHUV
2QODQGWKHPRVWYXOQHUDEOHDVVHWVDUH\DUGFUDQHVDQGKRSSHUVZKLFKZHUHUDWHGDV
EHLQJVLJQLILFDQWO\ YXOQHUDEOH WR KLJKVSHHGZLQGV5DLO WUDFNV WUXFNV URDGZD\VDQG
VWRUDJHDUHDVDUHUDWHGDVEHLQJPRGHUDWHO\YXOQHUDEOHWRIODVKIORRGV
 6\GQH\3RUWV&RUSRUDWLRQ
&OLPDWHYDULDEOHVRIPRVWFRQFHUQ
$V VKRZQ LQ )LJXUH  FOLPDWH YDULDEOHV RI FRQFHUQ IRU 6\GQH\ ZHUH FORVHO\ UDWHG
)ODVK IORRGVZHUHSHUFHLYHGDVEHLQJRIPRVWFRQFHUQ IROORZHGE\KHDWZDYHVWRUP
VXUJH DQG KLJK VSHHG ZLQGV )ORRGV DQG VHDOHYHO ULVH ZHUH SHUFHLYHG DV EHLQJ
HTXDOO\ WKUHDWHQLQJEXWRI OHVVHUFRQFHUQ7KHPRVWFRPPRQO\RFFXUULQJUDWLQJIRUDOO
FOLPDWHYDULDEOHVLVVRPHZKDWYXOQHUDEOH9HU\IHZDVVHWVZHUHDOORFDWHGDUDWLQJRI
±QRWDWDOOYXOQHUDEOH

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Figure  26  Sydney  Ports;;  Climate  variables  of  most  concern    
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

$WWKHVHDLQWHUIDFHHDFKRIWKHFRUHIXQFWLRQVQDYLJDWLRQDQGSLORWDJHGRFNLQJDQG
FKDQQHO WUDQVLWZHUHSHUFHLYHG WREHRI HTXDO WKUHDW WRHYHU\ FOLPDWLF YDULDEOH OLVWHG
ZLWK WKH OHYHO RI YXOQHUDELOLW\ EHLQJ µVRPHZKDW¶ $OO DVVHWV ZHUH LPSDFWHG E\ HDFK
FOLPDWHYDULDEOHZLWKWKHVDPHOHYHORIWKUHDW
$W WKHVHDODQG LQWHUIDFH DQGFRPSDUDEOH WR WKHVHD LQWHUIDFHFOLPDWLFHYHQWVZHUH
SHUFHLYHGDVEHLQJVRPHZKDWRIDWKUHDW WRDOPRVWDOODVVHWVSDUWLFXODUO\ WKRVHXVHG
GXULQJQDYLJDWLRQDQGSLORWDJHDQGGRFNLQJ6WRUPVXUJH WLGDOFKDQJHV IODVK IORRGV
DQGIORRGVZHUHSHUFHLYHGDVKDYLQJDQLPSDFWRQDOODVVHWVDWWKHVHDODQGLQWHUIDFH
LQ WKH VDPH ZD\ ZLWK YDU\LQJ OHYHOV RI YXOQHUDELOLW\ )RU H[DPSOH PXOWLWUDLOHUV UROO
WUDLOHUVZHUHPRGHUDWHO\YXOQHUDEOHWRDOOIRXUFOLPDWHYDULDEOHVKRZHYHUPRRULQJELWWV
ZHUH SHUFHLYHG DV DW OHVVHU WKUHDW VRPHZKDW YXOQHUDEOH WR WKH VDPH IRXU FOLPDWH
YDULDEOHV 6LPLODUO\ KLJK VSHHG ZLQGV DQG KHDW ZDYH DUH SHUFHLYHG DV KDYLQJ DQ
LPSDFW RQ DOO DVVHWV LQ D VLPLODU ZD\ ZLWK VKRUH FUDQHV EHLQJ WKH H[FHSWLRQ KLJK
VSHHG ZLQGV DUH SHUFHLYHG DV KDYLQJ D JUHDWHU HIIHFW RQ VKRUH FUDQHV WKDQ D KHDW
ZDYH6HDOHYHOULVHDQGIRJZHUHDOVRSHUFHLYHGDVKDYLQJLPSDFWRQDOODVVHWVXVHG
DW WKHVHDODQG LQWHUIDFH LQDVLPLODUZD\ZLWKPXOWLWUDLORUVVKRUHFUDQHVDQGSRZHU
VXSSO\EHLQJWKHH[FHSWLRQ7KHPRVWFRPPRQO\SHUFHLYHGOHYHORIYXOQHUDELOLW\DWWKH
VHDODQG LQWHUIDFH LV VRPHZKDW YXOQHUDEOH D UDWLQJ RI  IROORZHG E\ PRGHUDWHO\
YXOQHUDEOH UDWLQJ RI  +LJK VSHHG ZLQGV ZHUH RI PRVW FRQFHUQ DW WKH VHDODQG
LQWHUIDFH
7KHKLJKHVWFRQFHQWUDWLRQRIVLJQLILFDQWO\YXOQHUDEOH DVVHWV WR WKHFOLPDWHRFFXUHGDW
WKHODQGLQWHUIDFH6WRUPVXUJHWLGDOFKDQJHVIODVKIORRGVDQGKHDWZDYHDOOLPSDFWRQ
DVVHWVVLJQLILFDQWO\DVVHWVYDU\7KUHHRI WKHHLJKWDVVHWVXVHGDW WKHODQGLQWHUIDFH
FDQ EH LQRSHUDEOH IRU GD\V ZKHQ HIIHFWHG E\ VWRUP VXUJH DQG IODVK IORRG FOLPDWH
HYHQWV)RJLPSDFWVRQDOODVVHWVDWWKHODQGLQWHUIDFHZLWKWKHVDPHOHYHORIWKUHDW±
PRGHUDWHO\ YXOQHUDEOH 6RPHZKDW YXOQHUDEOH LV WKH PRVW FRPPRQO\ RFFXUULQJ
YXOQHUDELOLW\UDWLQJRQODQG
$VVHWVRIPRVWFRQFHUQ
$WVHDDOODVVHWVZHUHSHUFHLYHGWREHDWHTXDOWKUHDWWRDOOFOLPDWHYDULDEOHVOLVWHGZLWK
HYHU\DVVHWEHLQJDOORFDWHGDUDWLQJRIVRPHZKDWYXOQHUDEOH
7KH DVVHW RIPRVW FRQFHUQ DW WKH VHDODQG LQWHUIDFHZDV VKRUH FUDQHVZKLFK LV WKH
SULPDU\ DVVHW XVHG IRU FDUJR WUDQVIHU 6KRUH FUDQHV ZHUH SHUFHLYHG DV EHLQJ
YXOQHUDEOH WRVWRUPVXUJH WLGDOFKDQJHDQGIODVKIORRGV±VLJQLILFDQWO\6KRUHFUDQHV
ZHUH DOVR SHUFHLYHG DV EHLQJ PRGHUDWHO\ YXOQHUDEOH WR IRJ DQG KHDW ZDYH DQG
VRPHZKDW YXOQHUDEOH WR VHDOHYHO ULVH 0XOWLWUDLOHUV UROO WUDLOHUV ZKLFK DUH XVHG WR
WUDQVSRUWFDUJRZHUHSHUFHLYHGDVEHLQJPRGHUDWHO\YXOQHUDEOHWRDOOFOLPDWHYDULDEOHV
EXW VHDOHYHO ULVH 0RVW RI WKH DVVHWV XVHG IRU QDYLJDWLRQ DQG SLORWDJH DV ZHOO DV
GRFNLQJKDYHEHHQDOORFDWHGDYXOQHUDELOLW\UDWLQJRIVRPHZKDW
2QODQGDVVHWVRIPRVWFRQFHUQLQFOXGH\DUGFUDQHVVLJQLILFDQWO\YXOQHUDEOHWRVWRUP
VXUJH WLGDO FKDQJHV DQG IODVK IORRGV UDLO WUDFNV VLJQLILFDQWO\ YXOQHUDEOH WR VWRUP
VXUJH IODVK IORRGV DQG KHDWZDYH DQG URDGZD\V VLJQLILFDQWO\ YXOQHUDEOH WR VWRUP
VXUJH$OODVVHWVXVHGDW WKHODQGLQWHUIDFHZHUHPRGHUDWHWRVLJQLILFDQWO\YXOQHUDEOH
WR IODVK IORRGVDQGKLJK VSHHGZLQGVPRGHUDWHO\ YXOQHUDEOH WR IRJ DQGVLJQLILFDQWO\
YXOQHUDEOHWRWLGDOFKDQJHV
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

 2YHUDOOFRPSDULVRQ
7DEOHVKRZVWKHFOLPDWHYDULDEOHVRIFRQFHUQWRWKHVWXG\SRUWV7KLVLVIROORZHGE\
DQDVVHVVPHQWRI WKHYXOQHUDELOLWLHVDWHDFKRI WKH WKUHH LQWHUIDFHV)LJXUHVKRZV
WKHKLJKHVWYXOQHUDELOLW\UDWLQJDOORFDWHGE\WKHUHVSHFWLYHSRUWIRUHDFKFOLPDWHHYHQW
JUDSKLFDOO\ GHSLFWLQJKRZ WKH LPSDFWRI FOLPDWHHYHQWV FRPSDUHVDFURVVHDFKRI WKH
WKUHHSRUWVDWHDFKRIWKHWKUHHORJLVWLFLQWHUIDFHV*LYHQWKDWHDFKRIWKHVWXG\SRUWV
DUHIXQFWLRQDOO\GLIIHUHQWWRRQHDQRWKHULQUHJDUGVWRXWLOLVLQJGLIIHUHQWDVVHWVIRUFDUJR
KDQGOLQJSURFHVVHVFRPSDULVRQVDUHIRFXVVHGRQWKHWKUHHORJLVWLFLQWHUIDFHVLHVHD
VHDODQGDQGODQG
)RU FRQWDLQHUPRYHPHQW EHWZHHQ WKH VKLS DQGRQODQG IUHLJKW WUDQVSRUW KLJK VSHHG
ZLQGV DQG IODVK IORRGV DUH FRPPRQ FRQFHUQV $OO RWKHU FOLPDWH YDULDEOHV H[FOXGLQJ
VHDOHYHOULVHDQGIRJDUHSHUFHLYHGDVWKUHDWVDWRQHRIWKHORJLVWLFLQWHUIDFHVEXWDUH
QRWDFRQFHUQWKURXJKRXWWKHHQWLUHSURFHVV)XWXUHFOLPDWHSURMHFWLRQVE\WKH&6,52
XVLQJDPLGHPLVVLRQVFHQDULR$%UHODWLYHWRDEDVHOLQHSHULRGLQGLFDWH
DQ DQQXDO UDLQIDOO GHFUHDVH LQ ERWK 1HZ 6RXWK :DOHV DQG 4XHHQVODQG E\ 
'HVSLWHWKLVWKHUHLVDOLNHOLKRRGRIPRUHH[WUHPHZKHWKHUHYHQWVZLWKDQLQFUHDVHLQ
UDLQLQWHQVLW\DQGWKHSRVVLELOLW\RIPRUHLQWHQVHVWRUPV8QGHUFXUUHQWFRQGLWLRQVIODVK
IORRGLQJFDQFDXVHWKHHQWLUHSRUWWRFORVH7KLVKDSSHQHGLQ6\GQH\LQ)HEUXDU\
DQG0DUFKZKHUH WKUHHGD\VRI UDLQFDXVHG WKHSRUW WRFORVH6HYHUDO WUXFNORDGVRI
VDQGZHUHEURXJKWLQWRWKHWHUPLQDODUHDWRSUHYHQWVWUDGGOHVOLSSDJHDVRLOKDGULVHQ
DERYHWKHZDWHU3RUWRI6\GQH\WHUPLQDORSHUDWRUSHUVRQDOFRPPXQLFDWLRQ$SULO
$SRVVLEOHLPSOLFDWLRQIRUSRUWRSHUDWRUVIDFLQJPRUHHSLVRGHVRILQWHQVHUDLQIDOO
DQG SRWHQWLDOO\ JUHDWHU ULVNV RI IODVK IORRGLQJ LQ D IXWXUH FOLPDWH LV GHDOLQJ ZLWK WKH
FKDOOHQJHRIPDQDJLQJSRWHQWLDOO\ODUJHUTXDQWLWLHVRIIORRGZDWHUGXHWRKHDYLHUUDLQIDOO
DQGSRVVLEO\ORQJHUZRUNVWRSSDJH
6HDOHYHOULVHLVVHHQDVDFRQVHTXHQFHRIJOREDOZDUPLQJ6\GQH\LV WKHRQO\VWXG\
FDVHZKHUHVHDOHYHOULVHZDVSHUFHLYHGDVDWKUHDWWRDVVHWVDWDOOORJLVWLFLQWHUIDFHV
3RUW.HPEODDOVRLQGLFDWHGVHDOHYHOULVHDVDFRQFHUQWRDVVHWRSHUDELOLW\EXWRQO\DW
WKH VHDODQG LQWHUIDFH6HDOHYHO ULVH E\  UHODWLYH WR D PHDQ VHD OHYHO IRU
1HZ 6RXWK:DOHV LV  FP 16: *RYHUQPHQW  DQG  FP IRU 4XHHQVODQG
4XHHQVODQG 'HSDUWPHQW RI (QYLURQPHQW DQG 5HVRXUFH 0DQDJHPHQW  7KH
LPSUHVVLRQ SRUW UHSUHVHQWDWLYHV JDYH GXULQJ GLVFXVVLRQ 3RUW RI 6\GQH\ WHUPLQDO
RSHUDWRU SHUVRQDO FRPPXQLFDWLRQ  $SULO  ZDV WKDW SRUWV DUH QRW RYHUO\
FRQFHUQHGZLWKVHDOHYHO ULVHDW WKLVSRLQW LQ WLPHPDLQO\GXH WRVHDOHYHO ULVHEHLQJ
SURMHFWHGZHOOEH\RQGWKHVKRUWHUEXVLQHVVSODQQLQJKRUL]RQVRIDW\SLFDOSRUWVD\WR
\HDUV%HFNHUHWDO
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV



Table  9  Climate  variables  of  concern  to  study  ports  by  most  common  rating  

9XOQHUDELOLW\5DWLQJ 3RUW.HPEOD3RUW&RUSRUDWLRQ
6\GQH\3RUWV
&RUSRUDWLRQ
*ODGVWRQH3RUWV
&RUSRUDWLRQ
2SHUDWLRQFHDVHG   
6LJQLILFDQWO\
YXOQHUDEOH
x 6WRUPVXUJH

x 6HYHUHWURSLFDO
F\FORQH

0RGHUDWHO\
YXOQHUDEOH


x )RJ
x 6WRUPVXUJH
6RPHZKDW
YXOQHUDEOH
x +LJKVSHHGZLQGV
x 7LGDOFKDQJHV
x 6HDOHYHOULVH
x +HDWZDYH
x )ODVKIORRGV
x )ORRGV
VWUHDPVFUHHNV

x )ODVKIORRGV
x +HDWZDYH
x 6WRUPVXUJH
x +LJKVSHHGZLQGV
x )RJ
x 7LGDO&KDQJHV
x )ORRGV
VWUHDPVFUHHNV
x 6HDOHYHOULVH

x +LJKVSHHGZLQGV
x )ODVKIORRGV
x )ORRGV
VWUHDPVFUHHNV
x 7LGDOFKDQJHV
1RWDWDOOYXOQHUDEOH   x 6HDOHYHOULVH
   

)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV


Figure  27  Highest  vulnerabilities  by  port  for  each  weather  event  
7HPSHUDWXUH LQ ERWK4XHHQVODQG DQG1HZ6RXWK:DOHV LV H[SHFWHG WR LQFUHDVH E\
8VLQJ DPLGHPLVVLRQV VFHQDULR $%&6,52 KDYH SURMHFWHG WHPSHUDWXUH WR
FKDQJH LQ&HQWUDO4XHHQVODQGE\GHJUHH&HOVLXVDQG LQ1HZ6RXWK:DOHVE\
GHJUHH&HOVLXVE\,QWKHFXUUHQWFOLPDWHERWK1HZ6RXWK:DOHVSRUWVH[SUHVV
FRQFHUQ WRZDUGV LPSDFWV RQ RSHUDWLRQDO SURFHVVHV GXH WR KHDW ZDYH 7KH SRUWV
WHPSHUDWXUHSROLF\VWDWHVWKDWDWGHJUHHV&HOVLXVEUHDNVEHFRPHORQJHUDQGDW
GHJUHHV &HOVLXV RSHUDWLRQV UHODWHG ZRUN FHDVHV )RU FXUUHQW GD\ FRQGLWLRQV
WHPSHUDWXUHV H[FHHG  GHJUHHV &HOVLXV RQFH D \HDU )XWXUH SURMHFWLRQV IRU 
H[SHFWWKLVQXPEHUWRLQFUHDVHWRGD\VSHU\HDU
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

  
 'LVFXVVLRQRIZHDWKHULPSDFWWKUHVKROGV
,Q DGGLWLRQ WR FROOHFWLQJ GDWD RQ FOLPDWH XVLQJ YXOQHUDELOLW\ UDWLQJV GDWD RQ WKH
SHUFHSWLRQ RI ZHDWKHU HYHQW WKUHVKROGV RI PRVW FRQFHUQ ZDV DOVR FROODWHG WKURXJK
GLVFXVVLRQV ZLWK SRUW H[SHUWV 7\SLFDO RI GLVFXVVLRQV ZLWK WKH VWXG\ SRUWV ZDV WKDW
VRPHFOLPDWHYDULDEOHV WULJJHUHGZRUNVORZGRZQRUVWRSSDJH7DEOHVXPPDULVHV
WKHTXDOLWDWLYHGDWD WKDWZHUHJDWKHUHG LQ WKH LQWHUYLHZUHJDUGLQJ WKHSRVVLEOH LPSDFW
GXHWRGLIIHUHQWWKUHVKROGVEHLQJPHWIRUGLIIHUHQWFOLPDWHYDULDEOHV:KLOHWKLVGDWDLV
VSHFLILF WR D FRQWDLQHU WHUPLQDO RSHUDWLRQ LW SURYLGHV DQ DGGLWLRQDO LQVLJKW LQWR WKH
UDWLQJVGLVFXVVHGHDUOLHU
&OLPDWHYDULDEOH ,PSDFWRQZRUNIORZ
5DLQ x 7KHUHLVQRIRUPDOTXDQWLW\RIUDLQIDOOWKDWWKHSRUWRSHUDWRUVJRE\
WRGHWHUPLQHZKHWKHUHPSOR\HHVVKRXOGVWRSZRUN
x :KHQZRUNVWRSSDJHRFFXUVGXHWRUDLQDOOFRPSRQHQWVRIWKH
ZRUNIORZVWRS
:LQG x &UDQHVDQGVWUDGGOHFDUULHUVDUHHTXLSSHGZLWKZLQGDODUPV2QFH
DZLQGDODUPJRHVRIIRSHUDWRUVPXVWFHDVHZRUN2QFHWKHDODUP
VWRSVRSHUDWLRQVUHVXPH
x &UDQHVVWRSZRUNDWNPKU
x 6WUDGGOHVVWRSZRUNDWNPKU
+HDW x +HDWSROLF\±GHJUHHVEUHDNEHFRPHVORQJHUGHJUHHV
FHDVHZRUN
x :RUNFRQWLQXHVDVVRRQDVWKHWHPSHUDWXUHGURSV
)RJ x ,QIRUPDOSROLF\±LIWKHFUDQHVRQWKHVKLSFDQ¶WEHVHHQIURPWKH
PDQDJHU¶VRIILFHEORFNEXLOGLQJWKHQLW¶VWRRIRJJ\WRZRUN
)ORRGV x 1RIORRGLQJDVVXFKDWWKHWHUPLQDOEHFDXVHRIHIIHFWLYHGUDLQDJH
V\VWHPV+RZHYHUWKHUHZDVLVRODWHGIORRGLQJDWWKHWHUPLQDOZKHUH
GUDLQDJHFDQQRWFRSH6RXUFHRIIORRGLQJZDVUDLQ
Table  10  Summary  of  weather  variables  impacts  on  workflow  
 6XPPDU\
&OLPDWH YDULDEOHV SHUFHLYHG DV D FRQFHUQ WR DVVHW RSHUDELOLW\ DW DOO SRUWV DQG DW DOO
ORJLVWLFLQWHUIDFHVZHUHIODVKIORRGVDQGKLJKVSHHGZLQGVKRZHYHUFOLPDWHYDULDEOHV
SHUFHLYHG DV PRVW FRQFHUQ DW HDFK RI WKH VWXG\ SRUWV YDULHG $W *ODGVWRQH 3RUW
&RUSRUDWLRQ VHYHUH WURSLFDO F\FORQHV ZHUH SHUFHLYHG DV PRVW WKUHDWHQLQJ $W 3RUW
.HPEOD3RUW&RUSRUDWLRQKLJKVSHHGZLQGVZHUHPRVWWKUHDWHQLQJDQGDWWKH6\GQH\
3RUWWHUPLQDORSHUDWRUVWRUPVXUJHWLGDOFKDQJHDQGVHDOHYHOULVHZHUHSHUFHLYHGDV
PRVWWKUHDWHQLQJ
$VVHWV WKDW ZHUH PRVW VXVFHSWLEOH WR FOLPDWH LPSDFWV DW *ODGVWRQH DUH VKLSV
KHOLFRSWHUV*36EDVHVWDWLRQSLORWQDYLJDWLRQDLGDQGJDQWU\ORDGHUV$W3RUW.HPEOD
DVVHWV GHHPHG PRVW VXVFHSWLEOH WR LPSDFWV ZHUH VKLSV VKLS DQG \DUG FUDQHV
KRSSHUVOHDGLQJOLJKWVFRPPXQLFDWLRQHTXLSPHQWDQGWKHEUHDNZDWHU)RUWKHWHUPLQDO
RSHUDWRU DW 6\GQH\ DVVHWV LGHQWLILHG DV EHLQJ PRVW VXVFHSWLEOH WR FOLPDWH LPSDFWV
ZHUHVKRUHDQG\DUGFUDQHV2IDOOWKUHHVWXG\SRUWVJDQWU\ORDGHUVDW*ODGVWRQHZHUH
WKH RQO\ DVVHW DOORFDWHG D UDWLQJ RI PHDQLQJ RSHUDWLRQ ZRXOG FHDVH IRU ZHHNV RU
PRUHDIWHULPSDFW
$QXPEHURIDVVHWVZHUHLGHQWLILHGE\SRUWUHSUHVHQWDWLYHVDVFHDVLQJIRUVRPHSHULRG
RIWLPHGXULQJDQGDIWHUWKHLPSDFWRIDFOLPDWHHYHQWSDUWLFXODUO\LQ3RUW.HPEODDQG
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

*ODGVWRQH3RUW UHSUHVHQWDWLYHVZHUH DVNHGZKHWKHU WKH FDUJRKDQGOLQJ V\VWHP FDQ
FRQWLQXHHYHQDIWHUDVVHWVRIPRVWFRQFHUQZHUHLQRSHUDEOH5HVSRQVHVLQGLFDWHGWKDW
WKHV\VWHPFDQQRWIXQFWLRQWRLWVPD[LPXPFDSDELOLW\ZLWKRXWDOODVVHWVRSHUDWLQJ3DUW
RIWKHV\VWHPLVFDSDEOHRIFRQWLQXLQJIRUH[DPSOHLIDVKRUHFUDQHLVLQRSHUDEOHEXW
RWKHUDVVHWVDUHDEOHWRRSHUDWHFRQWDLQHUVLQWKHKROGLQJ\DUGFDQVWLOOEHWUDQVIHUUHG
WR WUXFNVWUDLQV +RZHYHU WKH IXQFWLRQ RI WKH VKRUH FUDQH FDQQRW EH UHSODFHG E\
DQRWKHURSHUDWLRQDODVVHW
)XWXUH FOLPDWH LQIRUPDWLRQ SURYLGHG E\ &6,52 SRLQWV WR D GU\HU FOLPDWH ZLWK D
OLNHOLKRRGRIPRUHH[WUHPHZHDWKHUHYHQWVZLWKDQ LQFUHDVH LQ UDLQ LQWHQVLW\DQG WKH
SRVVLELOLW\ RIPRUH LQWHQVHVWRUPV$VPHQWLRQHG IODVK IORRGVDQGKLJK VSHHGZLQGV
ZHUHLGHQWLILHGE\DOOSRUWVDVFOLPDWHFRQFHUQVDWDOOORJLVWLFLQWHUIDFHV$FOLPDWH
PD\ H[DFHUEDWH WKH LQWHQVLW\ RI IODVK IORRGLQJ DQG HOHYDWH KLJK VSHHGZLQG LPSDFWV
DVVXPLQJFXUUHQWRSHUDWLRQDOSURFHVVHVUHPDLQ)XWXUHFOLPDWHGDWDIRUIRJIURPWKH
&6,52ZDVXQREWDLQDEOH
9XOQHUDELOLW\UDWLQJVZHUHREWDLQHGIURPSRUWSHUVRQQHOEDVHGRQWKHLUNQRZOHGJHDQG
H[SHULHQFHRISRUWRSHUDWLRQVSDUWLFXODUO\IURPWKRVHZKRDUHHPSOR\HGLQWKHDUHDRI
ORJLVWLFRSHUDWLRQV




(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

 CONTAINER  TERMINAL  OPERATIONS  SIMULATOR  (CTOS)  
7KH&RQWDLQHU7HUPLQDO2SHUDWLRQ6LPXODWRU &726 LVDQDJHQWEDVHGVLPXODWLRQRI
FRQWDLQHU IORZDWVHDODQGDQG ODQGRSHUDWLRQVDWDVHDSRUW ,WVLPXODWHV WKHYDULRXV
RSHUDWLRQDODVVHWVVXFKDVFUDQHVDQGWKHLUPRYHPHQWVLQWKHXQORDGLQJORDGLQJDQG
WUDQVVKLSPHQWLQWHUPRGDORSHUDWLRQV7KHRXWFRPHRIWKLVVLPXODWLRQZDVDVHWRI.H\
3HUIRUPDQFH ,QGLFDWRUV .3,V WKDW DOORZHG D FRPSDULVRQ RI WKH OHYHO RI RSHUDWLRQDO
SHUIRUPDQFH RI HDFK RSHUDWLRQDO DVVHW HJ FUDQH UDWHV VWUDGGOH SURGXFWLYLW\ WUXFN
TXHXHOHQJWK\DUGXWLOLVDWLRQXQGHUYDULRXVFOLPDWHFKDQJHVFHQDULRV7KHVLPXODWLRQ
HQDEOHV D V\VWHPDWLF DVVHVVPHQW RI GLIIHUHQW µZKDW LI¶ VFHQDULRV DVVRFLDWHG ZLWK
H[WUHPH ZHDWKHU HYHQWV WKDW DUH RI PRVW FRQFHUQ WR SRUW RSHUDWLRQV XQGHU IXWXUH
FOLPDWH VFHQDULRV 7KH &726 HPXODWHV WKH LPSDFW RQ WKH FDSDFLW\ RI GLIIHUHQW
RSHUDWLRQDODVVHWVDQGPHDVXUHV WKHYDULDWLRQ LQSHUIRUPDQFH OHYHOVDQG WKHRYHUDOO
WKURXJKSXWZLWKLQWKHFRQWDLQHUKDQGOLQJSURFHVV
$Q $JHQW EDVHG VLPXODWLRQ PRGHOLQJ DSSURDFK ZDV DGRSWHG IRU WZR PDLQ UHDVRQV
)LUVWO\ WKH FRPSOH[LW\ RI WKH RSHUDWLRQDO HQYLURQPHQW RI D SRUW ZKLFK LQFOXGHV D
PXOWLWXGH RI YDULDEOHV UHODWHG WR FOLPDWH GDWD HJ WHPSHUDWXUHZLQG VSHHG UDLQIDOO
DQG SRUW FRQILJXUDWLRQ HJ FRQWDLQHUV ORDGHGXQORDGHG QXPEHU RI VWUDGGOHV XVHG
WUXFNDUULYDOV+HQFHDQ$%0LVXVHGWRPRGHOSRVVLEOHVFHQDULRVWKDWFDQRFFXULQWKH
RSHUDWLRQDOHQYLURQPHQWE\YDU\LQJWKHYDOXHVRIWKHPXOWLWXGHRIYDULDEOHVWRJDLQDQ
XQGHUVWDQGLQJRISRVVLEOHRXWFRPHV7KLVDOORZVGHFLVLRQPDNHUVWREHWWHUXQGHUVWDQG
WKHSRVVLEOHLPSDFWRQWKHSRUW
VFRQWDLQHURSHUDWLRQVGXHWRZHDWKHUUHODWHGHYHQWVRI
YDU\LQJVHYHULW\
6HFRQGO\ $%0SURYLGHV D GLVDJJUHJDWHG OHYHO VLPXODWLRQ DW DQ DVVHW OHYHO &OLPDWH
FKDQJHRUH[WUHPHZHDWKHUHYHQWVKDYHYDULHJDWHG LPSDFWVRQGLIIHUHQWSDUWVRISRUW
RSHUDWLRQ$%0DOORZVLQWHUGHSHQGHQFLHVRIGLIIHUHQWSDUWVRI WKHORJLVWLFVV\VWHPVWR
EHPHDVXUHG)RUH[DPSOHWKHOLNHO\LPSDFWRIDUHGXFWLRQLQFUDQHFDSDFLW\RQVSDFH
XWLOLVDWLRQ DW WKH \DUG $%0 SURYLGHV D VLPXODWLRQ FDSDELOLW\ WR PLPLF WKH LPSDFW RI
GLIIHUHQW VFHQDULRV RQ DQ KRXUO\ EDVLV DW DQ HTXLSPHQW OHYHO ZKHUH LQGLYLGXDOV RU
DJHQWVDUHGHVFULEHGDVXQLTXHDQGDXWRQRPRXVHQWLWLHVWKDWXVXDOO\LQWHUDFWZLWKHDFK
RWKHUDQGWKHLUHQYLURQPHQWORFDOO\7KLVLQWXUQDOORZVHPHUJHQWSDWWHUQVRIEHKDYLRXU
WREHREVHUYHG
7KHPDLQREMHFWLYHVRI&726DUHWKHUHIRUHWRGHVLJQDQLQWUDSRUWZRUNIORZV\VWHPWR
VLPXODWH WKH YXOQHUDELOLW\ RI SRUW RSHUDWLRQV WR H[WUHPH ZHDWKHU HYHQWV DQG IXWXUH
FOLPDWHFKDQJHVFHQDULRV$VLQJOHWHUPLQDOZLWKLQWKH3RUWRI6\GQH\ZDVXVHGDVWKH
FRQWH[WWRGHYHORSWKHVLPXODWLRQKRZHYHULWVDSSOLFDWLRQFDQEHEURDGHQHGWRLQFOXGH
RWKHUFRQWDLQHUWHUPLQDOVDQGSRUWV
7KHVLPXODWLRQ RXWFRPHDOORZV WKH DQDO\VLV RI WKH FRQWDLQHU KDQGOLQJ SURFHVVZLWKLQ
WKHSRUWDGGUHVVLQJWKHIROORZLQJWKUHHTXHVWLRQV

:KDWLVWKHOLNHO\LPSDFWRIDUDQJHRIH[WUHPHZHDWKHUHYHQWVRQWKHWRWDO
QXPEHURIFRQWDLQHUVKDQGOHGDWDFRQWDLQHUWHUPLQDORYHUDKRXUSHULRG
DQGKRZZLOOWKLVEHDIIHFWHGE\FKDQJHVLQLQWHQVLW\DQGRUGXUDWLRQRI
HYHQWV"
x :KDWLVWKHDYHUDJHSURGXFWLYLW\ORVV±GHILQHGLQWHUPVRIDYHUDJHWLPH
UHTXLUHGWRKDQGOHDFRQWDLQHU±RIGLIIHUHQWRSHUDWLRQDODVVHWVXQGHUGLIIHUHQW
FOLPDWHFKDQJHVFHQDULRVUHSUHVHQWHGE\WKHWKUHHGLIIHUHQWµIXWXUHV¶±PRVW
OLNHO\ZRUVWZHWWHU"
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

x :KDWLVWKHOLNHO\LPSDFWRQWKHSHUIRUPDQFHRINH\RSHUDWLRQVVXFKDVFUDQH
UDWHDQGWUXFNTXHXHOHQJWKVJLYHQSURMHFWHGJURZWKLQFRQWDLQHUQXPEHUVDQG
WKHOLNHO\IXWXUHFOLPDWLFHYHQWV"
 $JHQWEDVHGPRGHOOLQJDQGVLPXODWLRQ±$QRYHUYLHZ
$QDJHQWEDVHGPRGHOZDVXVHGWREXLOG&7267KLVLVDW\SHRIFRPSXWDWLRQDOPRGHO
ZKHUH LQGLYLGXDOV RU DJHQWV DUH GHVFULEHG DV XQLTXH DQG DXWRQRPRXV HQWLWLHV WKDW
XVXDOO\ LQWHUDFW ZLWK HDFK RWKHU DQG WKHLU HQYLURQPHQW ORFDOO\ OHDGLQJ WR HPHUJHQW
SDWWHUQVRIEHKDYLRXUWKDWFDQEHREVHUYHG5DLOVEDFNDQG*ULPP+HQFHDJHQW
EDVHGPRGHOOLQJDOORZV LQGLYLGXDO DFWRUVQRGHVZLWKLQDSURFHVV WREH LQGHSHQGHQWO\
HQFRGHGZLWKRSHUDWLRQDO UXOHVZKLOHREVHUYLQJ WKH FROOHFWLYHEHKDYLRXU:KLOHDJHQW
EDVHGPRGHOVDUHXVHIXO LQEXLOGLQJYDULRXVDSSOLFDWLRQV  LQ WKHEURDGHU ILHOGRIPXOWL
DJHQWV\VWHPVDQGDJHQWRULHQWHGVRIWZDUHHQJLQHHULQJLQWKLVZRUNLWVDSSOLFDWLRQLV
WRVLPXODWHDV\VWHPLH$JHQW%DVHG6LPXODWLRQ ,Q&726WKHDJHQWEDVHGPRGHO
ZDVXVHGWRVLPXODWHWKHRSHUDWLRQVRISRUWRSHUDWLRQDODVVHWVVXFKDVFUDQHVVWUDGGOH
FDUULHUVDQGWUXFNVWRREVHUYHWKHLQGLYLGXDODQGFROOHFWLYHSHUIRUPDQFHXQGHUYDULRXV
FOLPDWLFFRQGLWLRQV%\HQFRGLQJ WKHRSHUDWLRQDO UXOHVRI LQGLYLGXDORSHUDWLRQDODVVHWV
LHQRGHVLQWKHSURFHVVZRUNIORZWKHOLNHO\LPSDFWRIFOLPDWHHYHQWVRQWKHEXVLQHVV
SURFHVV IORZ ZKHQ WKH SHUIRUPDQFH RI GLIIHUHQW RSHUDWLRQDO DVVHW QRGHV UHGXFH WR
WKHLUVXERSWLPXPOHYHOFDQEHPHDVXUHGDQGFRPSDUHG

&726ZDVGHYHORSHGXVLQJWKH-$&.$JHQW2ULHQWHG3URJUDPPLQJ$23ODQJXDJH
D %HOLHI 'HVLUH,QWHQWLRQ %', EDVHG DJHQW SODWIRUP GHYHORSHG E\ $JHQW 2ULHQWHG
6RIWZDUH $26 3W\ /WG 0HOERXUQH -$&. LV D FRPPHUFLDO SURJUDPPLQJ SODWIRUP
GHYHORSHG DV DQ H[WHQVLRQ WR WKH PDLQVWUHDP -DYD SURJUDPPLQJ ODQJXDJH UHDGLO\
DYDLODEOHDVDIUHHGD\HYDOXDWLRQYHUVLRQKWWSZZZDRVJUSFRP
7KH %HOLHI'HVLUH,QWHQWLRQ %', PRGHO LV D SRSXODU UHDVRQLQJ PRGHO IRU UDWLRQDO
DJHQWV ZKHUH µEHOLHIV¶ UHSUHVHQW WKH LQIRUPDWLRQ DERXW WKH LQWHUQDO DQG H[WHUQDO
µHQYLURQPHQWDO¶ VWDWHRI WKHDJHQW µGHVLUHV¶ UHSUHVHQW WKHZRUOGVWDWHV WKDW WKHDJHQW
ZDQWVWRUHDFKDQGµLQWHQWLRQV¶UHSUHVHQWWKRVHGHVLUHVWKDWWKHDJHQWKDVFRPPLWWHGWR
SXUVXLQJ5DRDQG*HRUJHII:LQLNRIIDQG3DGJKDPHWDO$VSXUVXLQJD
GHVLUHUHTXLUHVDFRXUVHRIDFWLRQLQWHQWLRQVDUHDOVRVHHQDVSDUWLDORUFRPSOHWHSODQV
XVHGWRDFKLHYHWKHDGRSWHGGHVLUHV7KHUHIRUHD%',PRGHOEDVHGDJHQWLVGHILQHGDV
KDYLQJDVHWRIHYHQWVRUJRDOVLWFDQKDQGOHDVHWRISODQVWRDFKLHYHWKHJRDOVDQG
EHOLHIVRUGDWDDERXWWKHUHDOZRUOGHQYLURQPHQW
7KH W\SLFDO UHDVRQLQJ F\FOH XVHG E\ D %', DJHQW LV VKRZQ LQ )LJXUH  ZKHUH LQ
UHVSRQVHWRDQHYHQWRUJRDO³H´UHFHLYHGIURPWKHHQYLURQPHQWRULQWHUQDOO\JHQHUDWHG
HJWKHJRDO³PRYHFRQWDLQHU´JLYHQWRDFUDQHDJHQWWKHDJHQWVHOHFWVIURPLWVSODQ
EDVHDVHWRISODQV3±3QUHOHYDQWIRUKDQGOLQJH%DVHGRQWKHFRQWH[WFRQGLWLRQVRI
WKHVHOHFWHGSODQVWKHDJHQWGHWHUPLQHVDQDSSOLFDEOHVHWRISODQV3Mí3UWKDWFRXOG
EH XVHG WR KDQGOH WKH HYHQWH $FRQWH[W FRQGLWLRQ GHILQHV WKH VWDWH RI WKH H[WHUQDO
HQYLURQPHQWRUDJHQW¶VLQWHUQDOVWDWHIRUWKHJLYHQSODQWREHDSSOLFDEOH)RUH[DPSOHLQ
WKHFDVHRIWKHFUDQHWKHUHFDQEHPXOWLSOHSODQVWRKDQGOHDFRQWDLQHUPRYHEDVHGRQ
WKHSUHYDLOLQJZHDWKHUW\SHRIFRQWDLQHUHWF)URPWKHDSSOLFDEOHVHWWKHDJHQWVHOHFWV
D VLQJOH SODQ 3L EDVHG RQ D SUHGHILQHGDOJRULWKPZKLFK LV QRUPDOO\ VSHFLILF WR WKH
JLYHQ%',LPSOHPHQWDWLRQ)RUH[DPSOHLQ-$&.WKHGHIDXOWPHFKDQLVPVLPSO\VHOHFWV
WKH ILUVW SODQ LQ WKH DSSOLFDEOH VHW 7KH DJHQW WKHQ H[HFXWHV WKH DFWLRQV FRQWDLQHG
ZLWKLQWKHVHOHFWHGSODQ3LVKRZQLQWKH)LJXUHDVDHE$FWLRQVW\SLFDOO\IRXQGLQ
DJHQWV\VWHPVUHVXOWVLQLQWHUDFWLRQVZLWKWKHHQYLURQPHQWUDLVLQJQHZJRDOVHYHQWVRU
UHDGLQJFKDQJLQJDJHQW¶VRZQEHOLHIV

(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV


Figure  28  Reasoning  cycle  of  a  BDI  agent  
7KH DGYDQWDJH RI XVLQJ DQ DJHQW PRGHO IRU &726 LV LQ LWV DELOLW\ WR ORFDOLVH WKH
RSHUDWLRQDO UXOHV RI GLIIHUHQW DJHQWV LQ WKH V\VWHP ZKLFK PDNHV LW VLPSOHU WR EXLOG
FRPSOH[PRGHOVZLWKPDQ\RSHUDWLRQDODVVHWVFRPSDUHGWRPRGHOOLQJWKHV\VWHPDVD
ZKROH7KLVDOVRPDNHVWKHV\VWHPH[WHQVLEOHDVQHZDJHQWVFDQEHDGGHGRUH[LVWLQJ
RQHVUHPRYHGWRUHIOHFWWKHFKDUDFWHULVWLFVRIUHDOLVWLFVFHQDULRVHJDGGLQJQHZW\SH
RIHTXLSPHQWVXFKDVDQDXWRPDWHGJXLGHGYHKLFOH$*9)XUWKHUPRUHWKH%',PRGHO
DOVRDOORZVDJHQWEHKDYLRXUVWREHDOWHUHGE\DGGLQJQHZSODQVRUJRDOVWKDWSURYLGH
WKHPRGHOOHUVDZD\WRLQFRUSRUDWHQHZEHKDYLRXUVHJZRUNLQJXQGHUQHZZHDWKHURU
RWKHURSHUDWLRQDOFRQGLWLRQVDV WKHV\VWHPUHTXLUHPHQWVHYROYH+HQFHDJHQWEDVHG
PRGHOV FDQ EH PDGH DV FRPSOH[ DV UHTXLUHG E\ H[WHQGLQJ DJHQWV DQG WKHLU
EHKDYLRXUDO UXOHV WR VXLW QHZ RSHUDWLRQDO VLWXDWLRQV:LWK WKH DJHQW DSSURDFK&726
DOVRDOORZVDVVHWOHYHOVLPXODWLRQZKLFKLVDWDPXFKILQHUJUDQXODULW\WKDQFRQVLGHULQJ
WKH SRUW HQYLURQPHQW DV DPRQROLWKLF V\VWHP DOORZLQJPRGHOOHUV WR ORRN DW ³ZKDWLI´
VFHQDULRV E\PDNLQJPXFK ILQHU FKDQJHV VXFK DV UHGXFLQJ WKH HIILFLHQF\ RI FHUWDLQ
DVVHWW\SHHJVWUDGGOHVRUHYHQVSHFLILFDVVHWVHJIHZLGHQWLILHGVWUDGGOHV
 &726V\VWHPFRQFHSWV
&726ZDVGHYHORSHGRQ WKH FRQWDLQHURSHUDWLRQVDW6\GQH\3RUW DQGVLPXODWHV WKH
VHDODQGDQG ODQGVLGHFRQWDLQHUPRYHPHQWRSHUDWLRQVRIDVLQJOH WHUPLQDO$VLQJOH
WHUPLQDOZDVXVHGIRUWKHSXUSRVHRIWKHVLPXODWLRQDVRSSRVHGWRWKHHQWLUH6\GQH\
3RUWVRWKDWDILQHUVFDOHRIGHWDLOFDQEHFDSWXUHGDQGPRGHOOHGKHQFHSURGXFLQJD
FORVHU WR UHDOOLIH RXWFRPH RI SRVVLEOH FOLPDWH LPSDFWV $ KLJK OHYHO GHVLJQ RI WKH
YDULRXVDJHQWVLQWKHV\VWHPDQGWKHLULQWHUDFWLRQVDUHVKRZQLQ)LJXUH


)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV


Figure  29  System  agents  and  their  interactions  

%XLOGLQJ DQ DJHQW EDVHG VLPXODWLRQ UHTXLUHV LGHQWLI\LQJ WKH DJHQW W\SHV HJ YHVVHO
FUDQH DQG WUXFN QXPEHU RI DJHQW LQVWDQFHV HJ QXPEHU RI FUDQHV DQG WUXFNV
FDSWXULQJWKHRSHUDWLRQDOUXOHVDQGGHYHORSLQJWKHHYHQWVSODQVDQGGDWDPRGHORIWKH
DJHQW XVLQJ D SURJUDPPLQJ ODQJXDJH VXFK DV -$&. ,Q &726 WKH DJHQWV FDQ EH
EURDGO\ FDWHJRULVHG DV ³RSHUDWLRQDO DJHQWV´ 7DEOH  ZKLFK DUH SDUW RI WKH DFWXDO
WHUPLQDO RSHUDWLRQV DQG ³V\VWHPDJHQWV´ 7DEOH ZKLFK DUH SDUW RI WKH VLPXODWHG
HQYLURQPHQW

Table  11  Operational  agents  
2SHUDWLRQDO$JHQW7\SH 'HVFULSWLRQ
9HVVHO 5HSUHVHQWVWKHYHVVHOVWKDWDUHVHUYHGDWWKHWHUPLQDO6LPXODWLRQ
DVVXPHVWKHYHVVHOWREHDWWKHEHUWK
4XD\&UDQH4& 4XD\&UDQHVDUHXVHGWRORDGDQGXQORDGFRQWDLQHUVWRIURPWKH
YHVVHOV
6WUDGGOH&DUULHU6& ,QWKHVHOHFWHGWHUPLQDOVWUDGGOHFDUULHUVDUHWKHPDLQPHDQVIRU
PRYLQJFRQWDLQHUVZLWKLQWKHWHUPLQDODUHD7KLVLQFOXGHV4&WR
\DUGDQG\DUGWRWUXFNVDQGWUDLQ
5HDFK6WDFNHU56 5HDFK6WDFNHUVDUHXVHGWRORDGXQORDGFRQWDLQHUVIURPWKHWUDLQ
7UXFN 7UXFNVXVHGLQWUDQVSRUWLQJFRQWDLQHUV
7UDLQ 7UDLQVXVHGLQWUDQVSRUWLQJFRQWDLQHUV

(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

Table  12  System  agents  
6\VWHP$JHQW7\SH 'HVFULSWLRQ
&RQWUROOHU$JHQW $FWVDVWKHFHQWUDOFRQWUROQRGHRIWKHGLIIHUHQWRSHUDWLRQDODJHQWV
5HVSRQVLEOHIRULQLWLDOL]DWLRQDQGFRPPXQLFDWLRQRIZHDWKHUDQG
VFKHGXOLQJGDWD
:HDWKHU$JHQW *HQHUDWHVVLPXODWHGZHDWKHUHYHQWVVXFKDVZLQGUDLQIRJHWFRI
GLIIHUHQWLQWHQVLWLHV
6\VWHP7LPHU$JHQW 5HJXODWHVWKHWLFNLQJRIWKHV\VWHPWLPH(DFKWLFNLVUHSUHVHQWDWLYH
RIDQKRXULQUHDOWLPH
 3RUWFRQILJXUDWLRQ
7KH3RUW&RQILJXUDWLRQGHILQHVWKHVWDQGDUGRSHUDWLQJSDUDPHWHUVUHTXLUHGE\&726WR
UXQ D VLPXODWLRQ DQG LQFOXGHV WKH QXPEHU RI GLIIHUHQW RSHUDWLRQDO DVVHWV DJHQWV LQ
XVH WKHLU RSHUDWLRQDO WLPHV DQG DVVLJQPHQWV 7KLV DOORZV WKH VLPXODWLRQ V\VWHP WR
LQLWLDOLVHWKHVLPXODWLRQWRGHSLFWDJLYHQSRUWVHWXS

,Q WKH FXUUHQW YHUVLRQ RI WKH VLPXODWLRQ WKH SRUW FRQILJXUDWLRQ LQFOXGHV WKH IROORZLQJ
HLJKWLWHPVRIGDWD

x 3HUIRUPDQFHLQGLFDWRUVIRUHDFKRSHUDWLRQDODVVHWXQGHUVLPXODWLRQ7KHVH
LQFOXGH
D &UDQHUDWHQXPEHUVRIFRQWDLQHUVKDQGOHGSHUKRXU
E &RQWDLQHUVKDQGOHGE\DVWUDGGOHFDUULHUVSHUKRXU
F 7UXFNVVHUYHGSHUKRXU
x 1XPEHURIYHVVHOVDWEHUWK
x 1XPEHURIFUDQHGDVVLJQHGWRHDFKYHVVHO
x 1XPEHURIVWUDGGOHFDUULHUVDVVLJQHGWRHDFKFUDQH
x 1XPEHURIFRQWDLQHUVWREHORDGHGDQGXQORDGHGWRRUIURPHDFKYHVVHO
x &RQWDLQHU\DUGFDSDFLW\DQGFXUUHQWXWLOL]DWLRQ
x 1XPEHURIFRQWDLQHUVORDGHGXQORDGHGIURPWUDLQV
x 1XPEHURIFRQWDLQHUVORDGHGXQORDGHGIURPWUXFNV
 6LPXODWLRQZLQGRZDQGSURFHVV
7KHPRGHOLVDEOHWRVLPXODWHDKRXUZLQGRZ7KHKRXUZLQGRZZDVVHOHFWHGDV
DUHSHDWDEOHZLQGRZRIWLPHEHFDXVHLWDOORZHGPRGHOOHUVWRDJJUHJDWHDQGFRPSXWH
WKH LPSDFW IRUGD\VZHHNVRUPRQWKV)XUWKHUPRUH WKHSRUWRSHUDWLRQVDUH UXQ
DQGDXQLWRIRQHKRXUUHSUHVHQWVDUHDVRQDEOHJUDQXODULW\IRUWKHSXUSRVHRIPRGHOOLQJ
FOLPDWLF HYHQW RFFXUUHQFHV DQG WKHLU LPSDFW 7KLV DOORZV XVHUV WR DVVLJQ GLIIHUHQW
FOLPDWLF FRQGLWLRQV WRKRXUEORFNV LQDJLYHQKRXUZLQGRZ UHSUHVHQWLQJDFKRVHQ
ZHDWKHU³SURILOH´IRUWKDWSHULRG7DEOHSURYLGHVDQH[DPSOHRIVXFKDSURILOH
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

Table  13  Example  of  a  24hr  window  weather  profile  
DP DP DP DP  DP DP DP DP DP
&OHDU &OHDU +LJKB:LQG +LJKB:LQG  &OHDU &OHDU &OHDU )RJ 7KLFNB)RJ

7KHFOLPDWLFHYHQWVVXFKDV+LJKB:LQG)RJDQG7KLFNB)RJVKRZQLQWKHH[DPSOHLQ
7DEOHDUHXVHUGHILQHGZHDWKHUHYHQWVZKHUHWKHXVHULVDEOHWROLQNHDFKHYHQWWR
DQ LPSDFWRQ WKHYDULRXVRSHUDWLRQDODVVHWV8VHUVDUHDEOH WRGHILQHDQ\QXPEHURI
VXFKHYHQWVWKDWWKH\ZDQWWRVLPXODWH
Table  14  User  defined  events  including  the  impact  on  productivity  of  assets  
(YHQW
/DEHO
&OLPDWH
3DUDPHWHU
'HILQLWLRQ ,PSDFW
+LJKB:LQG :LQG  !NPK
NKK
4& SURGXFWLYLW\
6& SURGXFWLYLW\
7UXFN5DWH 
)RJ  )RJ /RZLPSDFWRQ
YLVLELOLW\
4& SURGXFWLYLW\
6& SURGXFWLYLW\
7UXFN5DWH 
7KLFNB)RJ )RJ +LJKLPSDFWRQ
YLVLELOLW\ 
4& SURGXFWLYLW\
6& SURGXFWLYLW\
7UXFN5DWH 
,QWKHFXUUHQWYHUVLRQRI&726WKHLPSDFWZDVGHILQHGDVDSURGXFWLYLW\ORVVEHWZHHQ
DQGRI WKHRSHUDWLRQDODVVHWV+RZHYHUJLYHQ WKHDJHQWVDUHEDVHGRQ WKH%',
PRGHO ZKLFK DOORZV PRUH FRPSOLFDWHG LPSDFW UXOHV WR EH LQFOXGHG DV SODQV IRU DQ\
IXWXUH GHYHORSPHQWV RI WKH VLPXODWLRQ 7KH LQSXW UHTXLUHG IRU WKH VLPXODWLRQ LV GDWD
DERXWWKHFOLPDWHHYHQWDQGWKHKRXUO\ZHDWKHUSURILOHV
 6LPXODWLRQ2XWSXW
&726 LVDEOH WR FDOFXODWH WKH IROORZLQJ LQGLFDWRUV WR FRPSDUH WKHSHUIRUPDQFHRI WKH
WHUPLQDO DQG WKH YDULRXV RSHUDWLRQDO DJHQWV XQGHU GLIIHUHQW ZHDWKHU FRQGLWLRQV DQG
GLIIHUHQW DJHQW FRQILJXUDWLRQV VXFKDVKDYLQJGLIIHUHQW QXPEHURI FUDQHVDQGVWUDGGOH
FDUULHVDVVLJQHGWRPRYHFRQWDLQHUVVHH7DEOH
Table  15  Simulation  output  KPIs  
.3, 'HVFULSWLRQ
3RUW&UDQH7KURXJKSXW3&7 7RWDOQXPEHURIFRQWDLQHUVORDGHGXQORDGHGE\DOOFUDQHV
LQWKHKUSHULRG
&UDQH5DWH&5 1XPEHURIFRQWDLQHUVKDQGOHGE\DFUDQHSHUKRXU
&UDQHVLGH6WUDGGOH+RXUO\5DWH
FUDQH6WUDGGOH5DWH
1XPEHURIFRQWDLQHUVKDQGOHGE\DVWUDGGOHRQWKHFUDQH
VLGH
7UXFN5DWH 1XPEHURIWUXFNVVHUYHGSHUKRXU
7RWDOQXPEHURIWUXFNVVHUYHG 7RWDOQXPEHURIWUXFNVVHUYHGZLWKLQWKHKUSHULRG
7UXFN4XHXH 1XPEHURIWUXFNVLQTXHXHDIWHUWKHKUSHULRG
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

&RQWDLQHUVPRYHGLQWR\DUG 7RWDOQXPEHURIFRQWDLQHUVPRYHGLQWRWKH\DUGLQWKHKU
SHULRGYLDYHVVHOVWUXFNVDQGWUDLQ
&RQWDLQHUVPRYHGRXWIURP\DUG 7RWDOQXPEHURIFRQWDLQHUVPRYHGRXWRIWKH\DUGLQWKH
KUSHULRGYLDYHVVHOVWUXFNVDQGWUDLQ

$XVHULVDEOHWRYDU\WKHSRUWFRQILJXUDWLRQKRXUO\ZHDWKHUSURILOHVDQGFOLPDWHLPSDFW
RQHDFKRSHUDWLRQDODVVHWWRFRPSDUHWKHSHUIRUPDQFHXQGHUHDFKFDVH
 &726GHVLJQRYHUYLHZ
7KHVLPXODWLRQV\VWHPFRQVLVWVRIWKUHHPDLQFRPSRQHQWV)LJXUH


  
Figure  30  Simulation  system  components  

 -$&.DJHQW V\VWHP ,PSOHPHQWV WKH DJHQW W\SHV DQG LQWHUDFWLRQV VKRZQ LQ
)LJXUH  XVLQJ WKH -$&. DJHQW ODQJXDJH -$&. LV D FRPPHUFLDO DJHQW
RULHQWHGSURJUDPPLQJODQJXDJHGHYHORSHGE\$JHQW2ULHQWHG6RIWZDUH$26
3W\ /WG 0HOERXUQH :3 XVHG D IUHH HYDOXDWLRQ YHUVLRQ RI -$&.
KWWSZZZDRVJUSFRP
 ,QSXWGDWDILOHV7KHDJHQWV\VWHPUHTXLUHV WKUHH LQSXW;0/ILOHV LQRUGHUIRU
WKHVLPXODWLRQWRUXQ7KHVHLQFOXGH
o 3RUWFRQILJXUDWLRQ'HILQHVWKHSRUWVHWXSZLWKQXPEHURIRSHUDWLRQDO
DVVHWVLQXVHVXFKDVFUDQHVVWUDGGOHFDUULHUVWKHLUDVVLJQPHQWV
VXFKDVKRZPDQ\FUDQHVDUHDVVLJQHGWRDYHVVHODQGWKHLU
SHUIRUPDQFHGDWDVXFKDVQXPEHURIFRQWDLQHUVKDQGOHGSHUKRXU6HH
)LJXUH
o &OLPDWHSURILOH'HILQHVWKHFOLPDWLFHYHQWVDQGWKHLULPSDFWRQWKH
SHUIRUPDQFHRIWKHGLIIHUHQWRSHUDWLRQDODVVHWV
o 'DLO\ZHDWKHU7KHZHDWKHUEDVHGRQWKHFOLPDWHSURILOHV7DEOHDQG
)LJXUHGHILQHGIRUHDFKKRXURIWKHKRXUSHULRGLVEHLQJ
VLPXODWHG
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

 8VHU ,QWHUIDFH7KH-DYDEDVHGXVHU LQWHUIDFHDOORZV WKHXVHU WRXSGDWH WKH
LQSXWILOHVDQGDOVRUXQWKHVLPXODWLRQ:KLOHWKHFXUUHQWYHUVLRQLVDVWDQGDORQH
-DYD DSSOLFDWLRQ JLYHQ WKH FRPSRQHQW EDVHG QDWXUH RI WKH V\VWHP WKH XVHU
LQWHUIDFHFDQEHGHYHORSHGDVDQRQOLQHPRGXOHZLWKRXW FKDQJLQJ WKH UHVW RI
WKHV\VWHP)ROORZLQJDUHVFUHHQVKRWV)LJXUHVWRIURPWKHV\VWHP




Figure  31  Set  up  screen  for  the  port  configuration  

(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV



Figure  32  Definition  screen  for  the  climate  scenarios  

)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV


Figure  33  Set  up  screen  for  hourly  weather  outlook  


Figure  34  Simulation  screen  
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

 &OLPDWHLPSDFWDVVHVVPHQW
%DVHG RQ WKH FOLPDWH GDWD W\SH SUHVHQWHG LQ WDEOH  DQG IRU WKH SXUSRVH RI WKH
VLPXODWLRQ WKH RXWSXW IRU LPSDFW XQGHU WKUHH FOLPDWH VFHQDULRV LV SUHVHQWHG 7KH
VFHQDULRVDUHKLJKWHPSHUDWXUHKLJKUDLQIDOODQGKLJKZLQGVZLWKDEDVHOLQHVFHQDULR
RIQR LPSDFWDQGDVFHQDULRZKHUHFOLPDWHHYHQWVKDYHDQ LPSDFWRQ WKHZLGHUSRUW
HQYLURQPHQW DIIHFWLQJ WKH WUXFN UDWH IRU H[DPSOH D IORRGLQJ RI URDGV DIIHFWLQJ WKH
DUULYDORIWUXFNV,QVXPPDU\WKHVFHQDULRVDUHVKRZQLQWDEOHEHORZ
Table  16  Climate  scenarios  for  the  simulation  
6FHQDULRQDPH 'HVFULSWLRQ
6FHQDULR %DVHOLQHQRLPSDFW
6FHQDULR +LJKWHPSHUDWXUHKHDWZDYHIRUVL[KRXUVSHUGD\
6FHQDULR +LJKUDLQIDOOIODVKIORRGLQJIRUVL[KRXUVSHUGD\
6FHQDULR +LJKZLQGF\FORQHIRUVL[KRXUVSHUGD\
6FHQDULR )ORRGLQJRISRUWDUHDDIIHFWLQJVWUDGGOHRSHUDWLRQVIRUILYHKRXUV

$VVHW YXOQHUDELOLW\ UDWLQJV DOORFDWHG E\ 3RUW RI 6\GQH\ WHUPLQDO RSHUDWRUV IRU VKRUH
FUDQH VWUDGGOH FDUULHU DQG WUXFN DUH VKRZQ LQ7DEOH  IRU WKH WKUHH FOLPDWH HYHQWV
SURGXFLQJ DQ RXWSXW XQGHU UDLQIDOO KLJK VSHHGZLQGV DQG KHDW ZDYH FRQGLWLRQV IRU
PRUHGHWDLOVVHH$SSHQGL[5DWLQJGHVFULSWLRQVDUHVKRZQLQ7DEOHDQGDUHWKH
VDPHDV WKRVHGHVFULEHG LQVHFWLRQ ˪RQDVVHWYXOQHUDELOLW\DVVHVVPHQW7KH UDWLQJV
DUH EDVHG RQ WKH WHUPLQDO RSHUDWRU¶V SHUFHSWLRQ RI LPSDFWV DQG IHG LQWR &726 WR
GHWHUPLQHFKDQJHV LQSURGXFWLYLW\HIILFLHQF\GXHWRFXUUHQWFOLPDWH LPSDFWVRQDVVHWV
VHH6HFWLRQIRUPRUHGHWDLOVRQGDWDFROOHFWLRQ)RUH[DPSOHVKRUHFUDQHVKDYH
EHHQDOORFDWHGDYXOQHUDELOLW\ UDWLQJRIWRKLJKVSHHGZLQGVPHDQLQJSRUWRSHUDWRUV
SHUFHLYHVKRUHFUDQHVWREHµVLJQLILFDQWO\YXOQHUDEOH¶WRKLJKVSHHGZLQGV
Table  17  Impact  on  selected  operational  assets  at  the  container  terminal  

23(5$7,21$/$66(7
9XOQHUDELOLW\5DWLQJ  ,PSDFWRQ(IILFLHQF\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       
6KRUHFUDQHV    Î   
       
6WUDGGOHFDUULHU       
7UXFNV       
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

7KH LQSXW GDWD IRUPDW IRU &726 LV D SHUFHQWDJH UHSUHVHQWLQJ SURGXFWLYLW\ ORVV
7KHUHIRUHZHKDYHFRQYHUWHGWKHVHUDWLQJVWRDSHUFHQWDJHXVLQJWKHNH\LQ7DEOH
8VLQJWKHLQSXWLQ7DEOHWKHFXUUHQWFOLPDWHYDULDEOHVRIUDLQIDOOKLJKVSHHGZLQGV
DQGKHDWZDYHFDQKDYHDQ LPSDFWRQSURGXFWLYLW\HIILFLHQF\)RUH[DPSOH WKHKLJK
VSHHGZLQGYXOQHUDELOLW\IRUDVKRUHFUDQHUDWHGZLOOLPSDFWRQHIILFLHQF\E\
Table  18  Percentage  efficiency  impact  of  vulnerability  rating  
9XOQHUDELOLW\
UDWLQJ
5DWLQJGHVFULSWLRQ (IILFLHQF\
/HYHODIWHU
,PSDFW
 1RWDWDOOYXOQHUDEOH1RLPSDFW 
 6RPHZKDWYXOQHUDEOH 
 0RGHUDWHO\YXOQHUDEOH2SHUDWLRQGRZQIRUKRXUV 
 6LJQLILFDQWO\YXOQHUDEOH2SHUDWLRQGRZQIRUGD\V 
 2SHUDWLRQFHDVHG2SHUDWLRQDOGRZQIRUZHHNVRUPRUH 
 2XWSXWRIWKHVLPXODWLRQ
$K\SRWKHWLFDOSRUW FRQILJXUDWLRQ LVVKRZQ LQ)LJXUHEHORZ ,Q WKLVFRQILJXUDWLRQD
WRWDO RI  FRQWDLQHUV DUH PDUNHG WR EH ORDGHGXQORDGHG IURP WKUHH EHUWKV LQ D
SHULRG RI  KRXUV ZKLFK LV ZLWKLQ WKH RSHUDWLQJ FDSDELOLWLHV RI WKH WHUPLQDO DV ZH
VLPXODWHG

Figure  35  Hypothetical  port  configuration  with  three  vessels  
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV


 &OLPDWHVFHQDULREDVHGLPSDFW
7KH IROORZLQJ WKUHH WDEOHV WDEOHV  SUHVHQW WKH GLIIHUHQW .3,¶V JHQHUDWHG E\
&726IRUWKHILYHVLPXODWHGVFHQDULRV
7DEOHVKRZVWKHFUDQHUDWHFUDQHVLGHVWUDGGOHFDUULHUUDWHDQGORDGLQJXQORDGLQJ
RI WUXFNV DV SHUIRUPDQFHV SHU KRXU &RPSDUHG WR WKH EDVHOLQH VFHQDULR WKH PRVW
LPSDFWRQ FUDQHDQGVWUDGGOH FDUULHU SHUIRUPDQFH LVGXH WRKLJKZLQGDQG UDLQ7KLV
DOLJQVZLWKWKHFRPPHQWVPDGHE\WKHSRUWRSHUDWRUGLVFXVVHGHDUOLHULQVHFWLRQ ˪
5DLQDQGZLQGZHUHOLVWHGDVKDYLQJWKHPRVWLPSDFWRQFRQWDLQHUWHUPLQDORSHUDWLRQV
Table  19  Impact  on  hourly  KPIs  
6FHQDULR &UDQH
5DWH
&UDQH6WUDGGOH
5DWH
7UXFN5DWH
ORDGXQORDG
6FHQDULREDVHOLQH   
6FHQDULRKLJKWHPSHUDWXUH   
6FHQDULRUDLQ   
6FHQDULRKLJKZLQG   
6FHQDULRIORRGLQJ   

7DEOHVKRZVWKHWRWDOQXPEHURIFRQWDLQHUV3RUW&UDQH7KURXJKSXWWRWDOQXPEHU
RI WUXFNV VHUYHG WUXFN TXHXHV EDFNORJV FUHDWHG DQG WRWDO QXPEHU RI FRQWDLQHUV
PRYHGLQRXWRIWKH\DUG7DEOHVKRZVWKHSHUFHQWDJHGURSLQSRUWFUDQHWKURXJKSXW
XQGHUHDFKFOLPDWHVFHQDULRDJDLQVWWKHEDVHOLQHFDVH
Table  20  Impact  on  daily  KPIs  
6FHQDULR 3RUW&UDQH
7KURXJKSXW
3&7
7RWDO
WUXFNV
VHUYHG
7UXFN
4XHXH
7RWDO
&RQWDLQHUV
PRYHGLQ
7RWDO
&RQWDLQHUV
PRYHGRXW
6FHQDULR
EDVHOLQH
    
6FHQDULR
KLJK
WHPSHUDWXUH
    
6FHQDULR
UDLQ
    
6FHQDULR
KLJKZLQG
    
6FHQDULR
IORRGLQJ
    
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

7KHGDWDGLVSOD\HGLQ7DEOHVKRZVWKDWZKLOHKLJKZLQGDQGUDLQKDYHWKHKLJKHVW
LPSDFW RQ WKH FUDQH WKURXJKSXW KLJK ZLQG DQG IORRGLQJ LQ WKH SRUW DUHD OHDGV WR D
EDFNORJLQVHUYLFLQJWUXFNV7KLVLVPDLQO\GXHWRWKHLPSDFWRIIORRGLQJDQGKLJKZLQG
RQWKHRSHUDWLRQRIWKHVWUDGGOHFDUULHV7KH&726RXWFRPHIRUWKHSRUWFRQILJXUDWLRQ
VKRZVWKDWWKHFUDQHWKURXJKSXW ORVVZLWKLQDKRXUSHULRGGXHWRVL[KRXUVRIUDLQ
DQG VL[ KRXUV RI KLJKZLQG VHSDUDWHO\ LV :KLOH WKLV LV D FRQVLGHUDEOH ORVV
ZLWKLQDKRXUSHULRG LW LV LPSRUWDQW WRQRWH WKDW SRUW RSHUDWRUVGR WDNHFRUUHFWLYH
PHDVXUHVVXFKDVLQFUHDVLQJWKHLUSURGXFWLYLW\LQWKHZRUNVKLIWVDIWHUVXFKDQLQFLGHQW
+RZHYHU WKLV LVRQO\SRVVLEOHZKHQVXFKH[WUHPHHYHQWVRFFXU LQDVSRUDGLFPDQQHU
JLYLQJ VXIILFLHQW µJRRG ZHDWKHU¶ ZLQGRZV WR PDNH XS IRU WKH WLPH ORVW 7KH IXWXUH
SURMHFWLRQV IRU ZLQG DQG UDLQ VKRZ WKDW WKHUH LV PRUH OLNHOLKRRG RI WKHVH HYHQWV
RFFXUULQJZLWKLQD\HDULQWKHIXWXUH7KLVPD\JLYHULVHWRQRWLFHDEOHSURGXFWLYLW\ORVVHV
GXHWRKLJKZLQGDQGUDLQ:LWKRXWTXDQWLWDWLYHGDWDRQWKHRFFXUUHQFHRIKLJKZLQGDQG
UDLQUHODWHGGD\VSHU\HDU LW LVQRWSRVVLEOHWRFDOFXODWHWKHDQQXDO LPSDFWGXHWRUDLQ
DQGKLJKZLQGIRU WKHJLYHQVLPXODWLRQVFHQDULRV+RZHYHU WKHQH[WVHFWLRQSUHVHQWV
WKHOLNHO\DQQXDOLPSDFWGXHWRKRWGD\VEDVHGRQWKHVLPXODWLRQRXWFRPH
Table  21  Impact  on  port  crane  throughput  
6FHQDULR 'URSLQ3&7DVD

'URSLQ3&7LQFRQWDLQHU
QXPEHUV
6FHQDULREDVHOLQH  
6FHQDULRKLJKWHPSHUDWXUH  
6FHQDULRUDLQ  
6FHQDULRKLJKZLQG  
6FHQDULRIORRGLQJ  

 )XWXUHFOLPDWHSURMHFWLRQVEDVHGLPSDFW
7KH IXWXUH LPSDFW LV EDVHG RQ WKH FXUUHQWO\ DYDLODEOH &6,52 FOLPDWH SURMHFWLRQV IRU
KLJKWHPSHUDWXUHLQIRUWKHQXPEHURIKRWGD\VLQ16:DVVKRZQLQWDEOH
7KHSRUWVWHPSHUDWXUHSROLF\VWDWHVWKDWDWGHJUHHV&HOVLXVEUHDNVEHFRPHORQJHU
DQGDWGHJUHHV&HOVLXVRSHUDWLRQVUHODWHGZRUNFHDVHV$QQXDOO\GD\VDERYH
GHJUHHV&HOVLXV LQ6\GQH\DFFRUGLQJ WR WKHPRGHO&6,520NDUHFXUUHQWO\
GD\V,QWKHUHPD\EHGD\VDQGLQWKHUHPD\EHXSWRGD\VDERYH
GHJUHHV&HOVLXV
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

Table  22  Temperature  forecast  based  on  CSIRO  Mk3.5  

&6,52
0N
'D\VDERYH& 'D\VDERYH&
&XUUHQW
    &XUUHQW
   
6($621  $% % $), % $),  $% % $), % $),
$QQXDO            
6XPPHU            
$XWXPQ            
:LQWHU            
6SULQJ            

:LWK UHJDUG WR KHDWZDYHV WKH &6,52 DQG %R0 F GHILQLWLRQV DUH XVHG 7KH\
GHILQH D KHDWZDYH DV D UXQ RI  WR  FRQVHFXWLYH GD\V DERYHEHORZ D WKUHVKROG
WHPSHUDWXUH 3URMHFWLRQV IRU 6\GQH\  GHPRQVWUDWH D UXQ RI WHPSHUDWXUH ZKLFK
H[FHHGVGHJUHHV&HOVLXV WREHXQFKDQJLQJ IURPSUHVHQWGD\FRQGLWLRQV LH ]HUR
GD\V7KLVSURMHFWLRQ LVEDVHGRQDPLGHPLVVLRQVVFHQDULR $% IRU  IURP WKH
&6,520NPRGHO$FFRUGLQJ WR6\GQH\3RUW WHUPLQDO RSHUDWRUV WKHPRVW UHFHQW
KHDWZDYH LQ6\GQH\GLGQRWGLUHFWO\ LPSDFWRQSURGXFWLYLW\HIILFLHQF\ 3RUWRI6\GQH\
WHUPLQDO RSHUDWRU SHUVRQDO FRPPXQLFDWLRQ  $SULO  GHVSLWH WKH KHDWZDYH
KDYLQJ EURNHQ VHYHUDO UHFRUGV IRU QXPEHU RI ZDUP QLJKWV %R0  7KH PRVW
UHFHQW KHDWZDYH LQ 6\GQH\ WR GDWH RFFXUUHG LQ )HEUXDU\  ZKHUH WKH FLW\
H[SHULHQFHGVHYHQGD\VRIWHPSHUDWXUHVKLJKHUWKDQGHJUHHV&HOVLXV7KHKLJKHVW
WHPSHUDWXUHUHFRUGHGGXULQJWKLVSHULRGZDVGHJUHHV&HOVLXV%R0

%DVHGRQWKHDERYHSURMHFWHGKHDWZDYHGDWDWKHK\SRWKHWLFDOVFHQDULRWZRSURGXFHV
DQ LPSDFW IRUHFDVW IRUKRWGD\VDVVKRZQ LQ WDEOH7KHVHHIILFLHQF\ LPSDFWV
FDQEHDVVHVVHGDJDLQVWDFXUUHQWDQQXDOFRQWDLQHUWUDGHRIPLOOLRQFRQWDLQHUVIRU
6\GQH\LQ
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

Table  23  Impact  port  efficiency  and  loss  in  dollars  forecast  for  2030  

6FHQDULR &XUUHQW
DQQXDO
RFFXUUHQFH
RIKRWGD\V
GD\V
DQQXDO
RFFXUUHQFH
RIKRWGD\V

EDVHGRQ
$%DQG
0N
&XUUHQW
DQQXDO
LPSDFWRQ
FRQWDLQHU
KDQGOLQJ
LQQRRI
FRQWDLQHUV
$VD
SHUFHQWDJH
RIWRWDO
DQQXDO
FRQWDLQHU
WUDGH

DQQXDO
LPSDFWRQ
FRQWDLQHU
KDQGOLQJ
LQQRRI
FRQWDLQHUV
3HUFHQWDJH
LQFUHDVH
IURPQRZ
WR
6FHQDULR
7HPS
DERYH
&
     
 /LPLWDWLRQV
7KHUHDUHVRPHOLPLWDWLRQVRIWKHPRGHOZKLFKLQFOXGHWHFKQLFDODVSHFWVSHUWDLQLQJWR
VFDODELOLW\7KHPRGHOKDVEHHQGHVLJQHGWRVLPXODWHWKHOLNHO\LPSDFWVRUGLVUXSWLRQWR
WKH GDLO\ FRQWDLQHU KDQGOLQJ SURFHVVHV EXW ZKLOH WKH SURFHVV FDQ EH UHSHDWHG WR
VLPXODWHZHHNVPRQWKVDQG\HDUVWKHFXUUHQWLPSOHPHQWDWLRQGRHVQRWVXSSRUWWKHVH
LWHUDWLRQV7KLVPHDQVWKDWVXFKLWHUDWLRQVZRXOGQHHGWREHEXLOWRQWRSRIWKHFXUUHQW
WRRO
)ROORZLQJ GLVFXVVLRQZLWK SRUW RSHUDWRUV LWZDV DVFHUWDLQHG WKDW LW LV QRW SRVVLEOH WR
REWDLQ GDWD RQ OLNHO\ SURFHVV DQG DVVHW FKDQJHV IRU WKH SHULRG RI  RU EH\RQG
EHFDXVH SRUW RSHUDWRUV GR QRW SODQ WKH EXVLQHVV WKDW IDU DKHDG ZLWK UHJDUG WR
HTXLSPHQW DQG WHFKQRORJ\ +HQFH ZKHQ VLPXODWLQJ IXWXUH VFHQDULRV WKH VLPXODWLRQ
DVVXPHVFXUUHQWO\XVHGUHVRXUFHVDQGZRUNSUDFWLFHV+RZHYHUXVHUVFDQH[SHULPHQW
ZLWK LQFUHDVLQJ WKH QXPEHU RI GHSOR\HG DJHQWVDQG WKHLU SURGXFWLYLW\ HJ LQFUHDVHG
FUDQHUDWHWRGHSLFWHQKDQFHGFUDQHVLQWKHIXWXUHVRDVWRPLPLFLQFUHDVHGFDSDFLW\
LQKDQGOLQJFRQWDLQHUVLQWKHIXWXUH,QDGGLWLRQWKHH[FOXVLRQRIFRQWDLQHUPRYHPHQWV
RXWVLGHWKHSRUW LVDQRWKHU OLPLWDWLRQZKLFK LVSDUWO\GXHWRWKH ODFNRI LQIRUPDWLRQRQ
IUHLJKWIORZSDWWHUQVEDVHGRQRULJLQGHVWLQDWLRQGDWD
7KH FXUUHQW VLPXODWLRQ XVHV D JHQHUDOLVHG LPSDFW RYHU WKUHH FDWHJRULHV RI DVVHWV
QDPHO\FUDQHVVWUDGGOHFDUULHUVDQGWUXFNV7KHVHDVVHWVIRUPWKHFRUHRSHUDWLRQVRQ
WKHVHDODQGDQGODQGRSHUDWLRQVRIWKHFDVHVWXG\WHUPLQDOSURYLGLQJDEHWWHUHVWLPDWH
RILPSDFWRQWKHSRUWRSHUDWLRQV+RZHYHUWKHVLPXODWLRQFDQEHH[WHQGHGWRPRGHOWKH
LPSDFWRQLQGLYLGXDODVVHWVRUDVVHWJURXSVHJEDVHGRQWKHDUHDRIWKHSRUWWKH\DUH
GHSOR\HGUDWKHUWKDQKLJKOHYHOFDWHJRULHVUHVXOWLQJLQILQHUJUDLQHGDQDO\VLV$VLPLODU
GULOO GRZQFDQEHSHUIRUPHGRQ WKHVFKHGXOLQJRIDVVHWVZKLFK LVFXUUHQWO\VWDWLFDV
GHILQHGDWWKHVWDUWRIWKHVLPXODWLRQE\WKHµSRUWFRQILJXUDWLRQ¶7KLVFDQEHH[WHQGHGWR
G\QDPLFVFKHGXOLQJZKHUHDVVHWVDUHUHDVVLJQHGDWUXQWLPHDOORZLQJXVHUVWRFUHDWH
PRUHGHWDLOHGZKDWLIVFHQDULRV
7KHFXUUHQWPRGHO LV WUDQVIHUDEOHDV ORQJDV WKHKDQGOLQJSURFHVVUHPDLQV WKHVDPH
ZLWKUHJDUGWRWKHQXPEHURISURFHVVLQJVWDJHVDQGDVVRFLDWHGSDUDPHWHUFRQVWUDLQWV
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

,IWKHZRUNIORZFKDQJHVDZRUNIORZZLOOPRVWOLNHO\FKDQJHIRUDSRUWZKHUHPDWHULDOV
RWKHU WKDQ FRQWDLQHUV DUH GHDOWZLWK RUZKHUHPDFKLQHU\ XVHG GLIIHUV WKH VLPXODWLRQ
FDQEHDOWHUHGWRDFFRPPRGDWHIRUVXFKZRUNIORZE\FKDQJLQJWKH LQSXWSDUDPHWHUV
+RZHYHUWKHVHFKDQJHVZLOOQHHGWREHPDGHLQFRPSXWHUSURJUDPPLQJXVLQJ-$&.
$JHQW/DQJXDJHDQG-DYD)RUVLPSOLFLW\ WKHFXUUHQWWRROZDVGHYHORSHGDVDVWDQG
DORQHDSSOLFDWLRQEDVHGRQ-DYDZKLFKOLPLWVLWVXVHWRDVLQJOHXVHUSHULQVWDOODWLRQ$
PRUH VFDODEOH DSSURDFK ZRXOG EH WR LPSOHPHQW WKH VRIWZDUH DV D ZHE GHSOR\DEOH
DSSOLFDWLRQWKDWZRXOGSHUPLWPXOWLSOHXVHUVWRXVHWKHWRROFRQFXUUHQWO\PLWLJDWLQJWKH
QHHGIRUORFDOLQVWDOODWLRQV
2QHZD\WRRYHUFRPHWKHDERYHFKDOOHQJHRIFXVWRPLVLQJWKHVLPXODWLRQLVWRH[WHQGLW
ZLWKD³FRPSRQHQWEDVHG´DSSURDFKZLWKJHQHULFDJHQWVWKDWFDQEHFXVWRPLVHGE\WKH
XVHUVWKHPVHOYHVWRVLPXODWHGLIIHUHQWRSHUDWLRQDODVVHWVLQFOXGLQJOLQNVEHWZHHQRWKHU
LQWHUDFWLQJ DJHQWV 7KLV ZLOO DOORZ ³GUDJQGURS´ VW\OH EXLOGLQJ RI SRUW RSHUDWLRQV
VLPXODWLRQ IRU DQ\ JLYHQ SRUW 6XFK D PRGHO ZLOO UHTXLUH VLJQLILFDQWO\ PRUH WLPH WR
GHVLJQ DQG GHYHORS ZKLFK ZLOO DOVR LQFOXGH H[WHQVLYH UHTXLUHPHQWV FDSWXULQJ ZLWK
UHVSHFW WR GLIIHUHQW W\SHV RI SURFHVVHV XVHG LQ GLIIHUHQW SRUWV )XUWKHU WKH FOLPDWH
LQIRUPDWLRQZDVVSHFLILFDOO\FROOHFWHGIRUWKHVWXG\WHUPLQDO$SSO\LQJ&726WRGLIIHUHQW
SRUW HQYLURQPHQWV ZLOO UHTXLUH DGGLWLRQDO UHVHDUFK LQWR KRZ WKH FOLPDWH LPSDFWV RQ
RSHUDWLRQDOSURFHVVHVDQGRQDVVHWVIRUWKDWWHUPLQDO7KHFXUUHQWVLPXODWLRQSURYLGHV
DQHIIHFWLYHSURRIRIFRQFHSW 32&SURWRW\SHZKHUH WKH V\VWHPDUFKLWHFWXUH FDQEH
UHXVHGLQGHYHORSLQJDQRSHQJHQHULFSRUWRSHUDWLRQVPRGHO
 6XPPDU\
&726 LV DQ DJHQW EDVHG VLPXODWLRQ RI D W\SLFDO FRQWDLQHU WHUPLQDO RSHUDWLRQ
LPSOHPHQWHGDW WKHJUDQXODULW\RI WKH LQGLYLGXDORSHUDWLRQDODVVHWV LQXVH&726ZDV
GHVLJQHGWRVLPXODWHDKRXUZLQGRZZLWKKRXUO\ZHDWKHUSURILOHV'UDZLQJRQGDWD
IURPDFRQWDLQHUWHUPLQDORSHUDWRUIURP6\GQH\3RUWPXOWLSOHVLPXODWHGVFHQDULRVZHUH
FRPSXWHG LQFOXGLQJ KLJK WHPSHUDWXUH KHDY\ UDLQ KLJK ZLQG DQG H[WHQVLYH IORRGLQJ
LPSDFWLQJWKHSRUWSUHFLQFWRYHUKRXUGXUDWLRQLQDVLQJOHGD\&726KDVDQDJLOH
GHVLJQ VWUXFWXUH ZKLFK LV DGDSWLYH WR ILW WR XVHU¶V UHTXLUHPHQWV LQ FUHDWLQJ UHDOLVWLF
µZKDWLI¶ VFHQDULRV WR PLPLF WKH LPSDFW RI H[WUHPH ZHDWKHU HYHQWV RQ SRUW ORJLVWLFV
RSHUDWLRQV

,Q WKLVVWXG\ WKH UHVXOWVRI WKHVLPXODWLRQVKRZHG WKDWZKLOH WKH LPSDFWGXH WR WKHVH
HYHQWV ZHUH QRQVLJQLILFDQW RQ WKH FRQWDLQHUUHODWHG RSHUDWLRQV UDLQ DQG KLJK ZLQG
PDGHWKHPRVW LPSDFWZKLOH IORRGLQJ LQ WKH\DUGDUHDKLQGHULQJWKHRSHUDWLRQVRI WKH
VWUDGGOHFDUULHUVOHGWREDFNORJTXHXHVEHLQJFUHDWHGIRUWUXFNV8VLQJDQQXDOKRWGD\V
RFFXUULQJ DW SUHVHQW DQG SURMHFWHG IRU  LW ZDV SRVVLEOH WR FDOFXODWH WKH OLNHO\
DQQXDOLPSDFWGXHWRKLJKWHPSHUDWXUHGD\V$FFRUGLQJWRWKHVLPXODWLRQRXWFRPHWKH
FXUUHQWLPSDFWLVDORVVRIFRQWDLQHUVSHU\HDUDWSUHVHQWDQGFRQWDLQHUVSHU
\HDUEDVHGRQWKHSURMHFWHGKRWGD\VLQZKLFKLVOHVVWKDQRIWKHDQQXDO
FRQWDLQHUWUDGHRIWKHSRUW

)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV


 WORKFORCE  ADAPTIVE  CAPACITY  
 ,QWURGXFWLRQ
,Q WKH ODVW WKLUW\ \HDUV SRUWV KDYH EHHQ XQGHU JUHDW SUHVVXUH WR DGDSW WR D UDSLGO\
FKDQJLQJEXVLQHVVHQYLURQPHQWXQGHUJOREDOLVDWLRQ1RW RQO\KDV LQWHUDQG LQWUDSRUW
FRPSHWLWLRQ LQFUHDVHG +DH]HQGRQFN HW DO  +X\EUHFKWV HW DO  QHZ
WHFKQRORJLHVKDYHEHHQDGRSWHGZLWKWKHDLPRIHQKDQFLQJRSHUDWLRQDOHIILFLHQFLHVDQG
RYHUDOOSRUWSURGXFWLYLW\*HNDUDDQG)DLUEURWKHUIRUWKFRPLQJ$FKDQJLQJJOREDO
SROLWLFDOHFRQRP\KDVDOVRFUHDWHGDVKLIWLQSRUWPDQDJHPHQWIURPSUHGRPLQDQWO\SUH
VVWDWHRZQHGWRODUJHO\SULYDWHRZQHG0RUHUHFHQWO\WKHSRUWVLQGXVWU\MXVWOLNH
PDQ\RWKHUV KDVFRPHXQGHUSUHVVXUH WR UHVSRQG WR WKH WKUHDWVRI FOLPDWHFKDQJH
6XFK UHVSRQVH UHTXLUHVD FRQVLGHUDWLRQRI WKHSRUW¶V HQYLURQPHQWDO H[WHUQDOLWLHVDQG
ZD\VWRPLWLJDWHWKHLULPSDFWRQWKHFOLPDWHDVZHOODVWKHSRUWV¶SUHSDUHGQHVVIRUWKH
LPSOLFDWLRQVRIPRUHLQWHQVHDQGPRUHIUHTXHQWH[WUHPHHYHQWVDVDUHVXOWRIFOLPDWH
FKDQJH
7KLV VHFWLRQ RI WKH UHSRUW VSHFLILFDOO\ IRFXVHV RQ WKH ³DGDSWLYH FDSDFLW\´ RI WKH
ZRUNIRUFHDWWKHSRUWVWRFOLPDWHFKDQJH$GDSWLYHFDSDFLW\WRFOLPDWHFKDQJHFDQEH
GHVFULEHG DV WKH FDSDELOLW\ WR PRGLI\ EHKDYLRXU WR FRSH ZLWK FXUUHQW RU SUHGLFWHG
FOLPDWHYDULDELOLW\DQGFKDQJH$UHYLHZRIWKHOLWHUDWXUHUHYHDOVWKDWDOWKRXJKUHVHDUFK
KDVEHHQFRQGXFWHGRQ WKHSRUW LQGXVWU\¶VDGDSWLYHFDSDFLW\ WR FOLPDWH FKDQJH OLWWOH
VSHFLILFDWWHQWLRQKDVEHHQSDLGWRWKHZRUNIRUFH3HOOLQJ$GJHUHWDO\HW
HYHQ LQ WKHPRVW WHFKQRORJ\ GHWHUPLQHGRSHUDWLRQV WKH KXPDQHOHPHQW VWLOO UHPDLQV
WKH NH\ WR VDIH DQG VXVWDLQDEOH SURGXFWLYLW\ 1XUVH\%UD\ DQG0LOOHU  1XUVH\
%UD\ DQG )HUULHU  7KXV WKH VWXG\ LV SUHPLVHG RQ WKH XQGHUVWDQGLQJ WKDW
HIIHFWLYHDYRLGDQFHDQGRUPLWLJDWLRQRIQHJDWLYHLPSDFWVRIH[WUHPHZHDWKHUVFHQDULRV
DW WKH SRUW GHSHQG RQ WKH OHYHO RI DZDUHQHVV VNLOOV DQG SUHSDUHGQHVV IRU ERWK
PDQDJHUVDQGIURQWOLQHZRUNHUVDWWKHSRUW
7KLV UHVHDUFK LQYHVWLJDWHG WKH DGDSWLYH FDSDFLW\ HOHPHQWV RI ZRUNIRUFH
NQRZOHGJHVNLOOHGXFDWLRQ RUJDQLVDWLRQDO FXVWRPVQRUPV DQG WKH RUJDQLVDWLRQDO
PDQDJHPHQW V\VWHPV DQG VWUXFWXUHV 7KLV FRPSRQHQW RI WKH SURMHFW VRXJKW WR
XQGHUVWDQG WKHVH HOHPHQWV LQ UHODWLRQ WR SRUWV¶ FDSDFLW\ WR DGDSW WR IXWXUH H[WUHPH
ZHDWKHUHYHQWV
7KLV VHFWLRQ RI WKH UHSRUW LV EDVHG RQ LQWHUYLHZV ZLWK VWDII ,QWHUYLHZHHV ZLOO EH
DWWULEXWHG WR WKH SDUWLFXODU SRUW WKHQ D QXPEHU LH *ODGVWRQH  *ODGVWRQH 
6\GQH\3RUW3RUW.HPEODDQGVRIRUWK
 7KHFRQWH[W
7KHFRQFHSWRIDGDSWLYHFDSDFLW\KDVLWVURRWVLQERWKWKH³YXOQHUDELOLW\´OLWHUDWXUHDQG
³UHVLOLHQFH´ OLWHUDWXUH (QJOH ,W LVDFHQWUDOGHWHUPLQDQW LQKHOSLQJDV\VWHP WR
DGDSW WR DQ H[WHUQDO VWUHVVRU WKDW LV LQ DVVLVWLQJ D V\VWHP WR ³PRGLI\ RU FKDQJH LWV
FKDUDFWHULVWLFVRIEHKDYLRXUVRDV WRFRSHEHWWHUZLWKH[LVWLQJRUDQWLFLSDWHGH[WHUQDO
VWUHVVHV´ $GJHU HW DO  7KLV FRQFHSW FDQ EH DSSOLHG WR ERWK HFRORJLFDO DQG
KXPDQVRFLDOV\VWHPV± IURPFRXQWU\RUFRPPXQLW\ OHYHOGRZQWR WKHRUJDQLVDWLRQDO
DQG LQGLYLGXDO OHYHO )RU KXPDQ VRFLDO V\VWHPV DGDSWLYH FDSDFLW\ UHODWHV WR WKH
LQVWLWXWLRQV DQG QHWZRUNV WKDW DOORZ WKH V\VWHP WR OHDUQ DQG VWRUH NQRZOHGJH DQG
H[SHULHQFH DQG WKDW FUHDWH IOH[LELOLW\ LQ SUREOHP VROYLQJ 5HVLOLHQFH $OOLDQFH 
7KHYXOQHUDELOLW\ OLWHUDWXUHYLHZVWKHODFNRIDGDSWLYHFDSDFLW\DVDNH\FRPSRQHQWRI
YXOQHUDELOLW\ZKHUHYXOQHUDELOLW\RIDV\VWHPLVSHUFHLYHGDVDIXQFWLRQRIH[SRVXUHRI
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

WKHV\VWHPWRDVWUHVVRUVHQVLWLYLW\RIWKHV\VWHPH[SRVHGDQGWKHDGDSWLYHFDSDFLW\
RIWKHV\VWHPVHHVHFWLRQ'HILQLQJ9XOQHUDELOLW\
7KHFRQFHSWRIDGDSWLYHFDSDFLW\KDVEHHQDSSOLHG WR WKHVXEMHFWRIFOLPDWHFKDQJH
DQG UHVHDUFKKDV ORRNHGDW WKHGHWHUPLQDQWVRIDGDSWLYHFDSDFLW\ WRFOLPDWHFKDQJH
7KH,3&&7KLUG$VVHVVPHQW5HSRUW:RUNLQJ*URXS,,&KVXPPDULVHGWKH
GHWHUPLQDQWVRIDGDSWLYHFDSDFLW\DW WKHQDWLRQDODQGFRPPXQLW\ OHYHOVDVHFRQRPLF
UHVRXUFHV WHFKQRORJ\ LQIRUPDWLRQ DQG VNLOOV LQIUDVWUXFWXUH LQVWLWXWLRQV DQG HTXLW\
)XUWKHU UHVHDUFK KDV OHG WR D GHHSHU XQGHUVWDQGLQJ RI WKH FRPSOH[LW\ RI DGDSWLYH
FDSDFLW\ DW GLIIHUHQW VFDOHV DQG LQ GLIIHUHQW FRQWH[WV ZKLFK ZDV HODERUDWHG RQ E\
:RUNLQJ*URXS,, LQWKH)RXUWK$VVHVVPHQW5HSRUW&K)RUH[DPSOH LWFRQVLGHUV
VXFKIDFWRUVDVWKHUDQJHRIWHFKQRORJLFDORSWLRQVDYDLODEOHIRUDGDSWDWLRQDYDLODELOLW\
DQGGLVWULEXWLRQRIUHVRXUFHVVWUXFWXUHRIFULWLFDOLQVWLWXWLRQVWKHVWRFNRIKXPDQFDSLWDO
LQFOXGLQJ HGXFDWLRQ WKH VWRFN RI VRFLDO FDSLWDO LQFOXGLQJ WKH GHILQLWLRQ RI SURSHUW\
ULJKWV ULVN VSUHDGLQJ SURFHVVHV DELOLW\ RI GHFLVLRQPDNHUV WRPDQDJH DQG SURFHVV
LQIRUPDWLRQDQGWKHSXEOLF¶VSHUFHSWLRQRIFOLPDWHFKDQJH
(DUO\ UHVHDUFK LQWR DGDSWLYH FDSDFLW\ DW WKH RUJDQLVDWLRQDO OHYHO IRFXVHG PRUH RQ
DGDSWLYH FDSDFLW\ WR JHQHUDO H[WHUQDO FKDQJH VWLPXOL DQG FRPSHWLWLYH HQYLURQPHQWV
$FFRUGLQJ WR 6WDEHU DQG 6\GRZ  DGDSWDWLRQ LV RIWHQ YLHZHG DV D G\QDPLF
SURFHVV RI FRQWLQXRXV OHDUQLQJ DQG DGMXVWPHQWV UDWKHU WKDQD VWDWLF HQG SRLQW 7KLV
SURFHVVWDNHVLQWRFRQVLGHUDWLRQVXFKIDFWRUVDVWKHQXPEHUDQGGLYHUVLW\RIUHODWLRQV
EHWZHHQ DFWRUV LQ DQ RUJDQLVDWLRQ WKH OHYHO RI UHGXQGDQF\ZLWKLQ WKH RUJDQLVDWLRQDO
VWUXFWXUH OHDUQLQJ FDSDELOLW\ RI WKH RUJDQLVDWLRQ LWV RSHUDWLRQDO IOH[LELOLW\ VWUDWHJLF
DELOLW\ WR UHFRJQLVH DQG UHVSRQG WR FKDQJH DQG WKH OHYHO RI SURDFWLYH EHKDYLRXU
.RUEDQJ\DQJDQG8VVDKDZDQLWFKDNLW6WDEHUDQG6\GRZ5HVHDUFKWKDW
KDVORRNHGDWRUJDQLVDWLRQDODGDSWLYHFDSDFLW\WRFOLPDWHFKDQJHLQSDUWLFXODUWHQGVWR
IRFXVRQSURDFWLYHFKDQJHWRGHDOZLWKFOLPDWHFKDQJHLPSDFWV,WKDVLQFOXGHGVRPHRI
WKHVHGHWHUPLQDQWVSDUWLFXODUO\WKHIRFXVRQWKHOHDUQLQJFDSDELOLW\RIWKHRUJDQLVDWLRQ
DQGWKHVWUDWHJLFDELOLW\WRUHFRJQLVHWKHULVNVSRVHGE\FOLPDWHFKDQJHDQGWRUHVSRQG
SURDFWLYHO\ /RQVGDOH  $GGLWLRQDO FKDUDFWHULVWLFV RI RUJDQLVDWLRQDO DGDSWLYH
FDSDFLW\WRFOLPDWHFKDQJHLQFOXGH
x DFFHVV WR UHVRXUFHV LQFOXGLQJ ILQDQFLDO DQG KXPDQ UHVRXUFHV ± HPERG\LQJ
VNLOOVDQGNQRZOHGJH
x HQJDJHGOHDGHUVKLSFUHDWLQJDFOHDUYLVLRQRQDGDSWDWLRQ
x ZRUNLQJ ZLWK RWKHUV ERWK DFURVV WKH RUJDQLVDWLRQ DQG RXWVLGH RUJDQLVDWLRQDO
ERXQGDULHV
x DFFHVVWRLQIRUPDWLRQWRLQIRUPDGDSWDWLRQGHFLVLRQV
x DZDUHQHVVRIZKDWFOLPDWHFKDQJHPHDQVIRUWKHRUJDQLVDWLRQ
x HIIHFWLYHLQWHUQDOFRPPXQLFDWLRQV
x FKDQJHDJHQWVZKRFDQDFKLHYHDFWLRQRQFOLPDWHDGDSWDWLRQ
x PRWLYDWLRQWRDFWSDUWLFXODUO\IRUWKRVHLQGHFLVLRQPDNLQJSRVLWLRQV
x PDQDJHPHQWSURFHVVHVWKDWHQFRXUDJHWUDQVSDUHQF\DQGDYRLGGXSOLFDWLRQDQG
DVVLVW LQ HPEHGGLQJ FOLPDWH DGDSWDWLRQ DFURVV WKH RUJDQLVDWLRQ /RQVGDOH

7KHZRUNIRUFHLVRIFRXUVHDPDMRUSDUWRIDQRUJDQLVDWLRQLQIDFWVRPHUHVHDUFKHUVGR
QRW GLVWLQJXLVK EHWZHHQ WKH DGDSWLYH FDSDFLW\ RI WKH ZRUNIRUFH DQG WKH DGDSWLYH
FDSDFLW\RIWKHRUJDQLVDWLRQ:LWKWKLVLQPLQGWKHERG\RIUHVHDUFKWKDWLVFRQFHUQHG
VSHFLILFDOO\ZLWKWKHDGDSWLYHFDSDFLW\RIWKHZRUNIRUFHORRNVPRUHWRWKHEHKDYLRXUDO
DVSHFWV RI DQ RUJDQLVDWLRQ DQG LWV FDSDFLW\ WR OHDUQ WKH LPSRUWDQFH RI IRUPDO DQG
LQIRUPDOVWUXFWXUHVDQGSURFHVVHVRILQIRUPDWLRQVKDULQJDQGOHDUQLQJ3HOOLQJ
,WFDQWKHUHIRUHEHGLVWLOOHG WKDW WKHDGDSWLYHFDSDFLW\RIDZRUNIRUFHFRQVLVWVRIERWK
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

VWUXFWXUDO RUJDQLVDWLRQDO HOHPHQWV ZLWKLQ ZKLFK WKH ZRUNIRUFH ZRUN DV ZHOO DV
EHKDYLRXUDOHOHPHQWV
)RUWKLVUHVHDUFKWKHHIIRUWVIRFXVHGRQWKHDGDSWLYHFDSDFLW\RIWKHSRUWZRUNIRUFHWR
FOLPDWHFKDQJHLPSDFWVSDUWLFXODUO\H[WUHPHZHDWKHUHYHQWVWKHDQDO\VLVZDVIUDPHG
E\WKUHHNH\HOHPHQWVWKDWLVWKHNQRZOHGJHVNLOORIWKHPHPEHUVRIWKHZRUNIRUFHWR
FRSHZLWKH[WUHPHHYHQWV WKH LPSOLHGRUJDQLVDWLRQDOFXVWRPVQRUPV WRZDUGVFOLPDWH
FKDQJH DQG WKH RUJDQLVDWLRQDOPDQDJHPHQW V\VWHPVZKLFK DGGUHVV WKH LPSDFWV RI
H[WUHPHZHDWKHUHYHQWV7KHVH WKUHHRYHUDUFKLQJHOHPHQWVHQFRPSDVVPDQ\RI WKH
VWUXFWXUDODQGEHKDYLRXUDOHOHPHQWVRXWOLQHGHDUOLHU(DFKHOHPHQWLQIOXHQFHVWKHRWKHU
ZLWKLQDQRUJDQLVDWLRQDVUHSUHVHQWHGLQ)LJXUH


Figure  36  Adaptive  capacity  elements  
7KH HOHPHQW RI ³V\VWHPV DQG SURFHVVHV´ SURYLGHV WKH IUDPHZRUN ZLWKLQ ZKLFK SRUW
HPSOR\HHVZRUN7KDWLVWKH\ZRUNZLWKLQDFHUWDLQRUJDQLVDWLRQDOVWUXFWXUHZKLFKPD\
EH KLHUDUFKLFDO DQG TXLWH VLORHG RU LW PD\ EH D IODWWHU PRUH IOH[LEOH VWUXFWXUH
$GGLWLRQDOO\WKH\ZRUNZLWKLQRUJDQLVDWLRQDORSHUDWLQJV\VWHPVVXFKDVHQYLURQPHQWDO
PDQDJHPHQWVDIHW\DQGHPHUJHQF\PDQDJHPHQWHDFKZLWKSDUWLFXODUSURFHVVHVDQG
RSHUDWLQJ UXOHV WKDW JXLGH WKH ZRUN XQGHUWDNHQ E\ LQGLYLGXDOV 7KH LQWHJUDWLRQ RI
FOLPDWH FKDQJH ZLWKLQ WKHVH V\VWHPV FDQ KHOS SURYLGH WKH PRWLYDWLRQ IRU DFWLRQ ,I
FOLPDWH FKDQJH LV QRW LPSOLFLWO\ RU H[SOLFLWO\ LQFRUSRUDWHG LQWR WKHVH V\VWHPV DQG
SURFHVVHV WKHQ LW PD\ SURYH D EDUULHU IRU WKH ZRUNIRUFH WR DGDSW WR IXWXUH FOLPDWH
LPSDFWV
7KHVHFRQG³VNLOOVDQGNQRZOHGJH´HOHPHQWRI WKHUHVHDUFKUHODWHV WR WKH LQGLYLGXDO¶V
EURDG XQGHUVWDQGLQJ RI FOLPDWH FKDQJH DQG WKH GLYHUVLW\ RI SRWHQWLDO LPSDFWV RYHU
WLPH,WHQFRPSDVVHVNQRZOHGJHRIFOLPDWHFKDQJHDQGLWVLPSDFWVSDUWLFXODUO\DVWKH\
UHODWHWRWKHLUUROHVRUDUHDRIZRUNDWSRUWV$NH\FRPSRQHQWRIEHLQJDEOHWRIUDPH
FOLPDWH LPSDFWV LVDFFHVVWRUHOHYDQW LQIRUPDWLRQLQDFRPSUHKHQVLEOHIRUP7KHSRUW
ZRUNIRUFHLQFOXGHVZRUNHUVWKDWDUHSUHGRPLQDQWO\RIILFHEDVHGDVZHOODVWKRVHWKDW
ZRUNRXWVLGHRQODQGDQGZDWHU7KLVLPSOLHVDYDULDQFHLQWKHW\SHRINQRZOHGJHRI
FOLPDWHFKDQJHWKDWZLOOEHUHTXLUHGDFURVVWKHSRUWVDQGGLIIHUHQWVNLOOVHWVWRFRQVLGHU
FOLPDWHLPSDFWVUHOHYDQWWRSDUWLFXODUUROHV
)LQDOO\ WKH³RUJDQLVDWLRQDOFXOWXUHDQGQRUPV´HOHPHQWXQGHUSLQVDQGLQIOXHQFHVERWK
WKHRWKHUHOHPHQWVWRVRPHGHJUHH,W LVJHQHUDOO\DFFHSWHGWREHVWURQJO\ LQIOXHQFHG
E\ WKH RUJDQLVDWLRQDO OHDGHUVKLS 7KXV LI WKH &(2 DQG RWKHU PDQDJHPHQW WHDP
PHPEHUVDFFHSWWKDWFOLPDWHFKDQJHLVKDSSHQLQJDZDUHQHVVWKDWLWPD\LPSDFWWKH
RSHUDWLRQV RI WKH SRUW DQG WKDW WKH\ QHHG WR SURDFWLYHO\ DFW WR DGGUHVV DQ\ LPSDFWV
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

ZLOOLQJQHVV WR DFW WKHQ WKLV ZLOO LQIOXHQFH WKH ZRUNIRUFH WRZDUGV FRQVLGHULQJ WKH
LPSOHPHQWDWLRQRIFOLPDWHDGDSWDWLRQPHDVXUHV
 0HWKRGRORJ\
7KH DGDSWLYH FDSDFLW\ RI WKH ZRUNIRUFH ZDV DVVHVVHG WKURXJK VHPLVWUXFWXUHG
LQWHUYLHZV ZLWK VWDII FRQGXFWHG EHWZHHQ -XO\ DQG 6HSWHPEHU  DFURVV WKUHH
GLIIHUHQWSRUWVLQ$XVWUDOLD±*ODGVWRQH6\GQH\3RUW%RWDQ\DQG3RUW.HPEOD7KHVH
WKUHH SRUWV IHDWXUHG GLIIHUHQW PDQDJHPHQW VWUXFWXUHV ORFDWLRQV DQG RSHUDWLRQDO
FKDUDFWHULVWLFV WKXVRIIHULQJWKHRSSRUWXQLW\IRUJHQHUDOLVLQJ WKHILQGLQJV WRDEURDGHU
UDQJHRI$XVWUDOLDQSRUWV7KHLQWHUYLHZVZHUHFRQGXFWHGPDLQO\ZLWKUHVSRQGHQWVIURP
WKH RSHUDWLRQV KXPDQ UHVRXUFHV DQG HQYLURQPHQW GHSDUWPHQWV RU HTXLYDOHQW
GHSDUWPHQWVRIWKHSRUWV7KURXJKRSHQHQGHGTXHVWLRQVUHVSRQGHQWVZHUHLQYLWHGWR
H[SODLQDQGGLVFXVVFOLPDWHFKDQJHDQGSRUWRSHUDWLRQVZLWKUHIHUHQFHWRVSHFLILF
H[SHULHQFHV RI H[WUHPHZHDWKHU HYHQWV DW WKHLU UHVSHFWLYH SRUWV DQG KRZ WKH\ ZHUH
DGGUHVVHGWKHLUYLHZRIIXWXUHFKDQJHVWRWKHFOLPDWHDQGSRVVLEOHLPSOLFDWLRQVIRU
SRUW RSHUDWLRQV  H[LVWLQJ SURFHGXUHV WR GHDO ZLWK H[WUHPH ZHDWKHU FRQGLWLRQV
UHVXOWLQJ IURPFOLPDWHFKDQJHDQG WKHLU YLHZVRQ WKH YXOQHUDELOLW\ RI WKHLU SRUWV WR
ZHDWKHU GLVUXSWLRQV SUHVHQWO\ DQG LQ WKH IXWXUH:LWK UHVSHFW WR H[LVWLQJ SURFHGXUH
LQWHUYLHZVH[SORUHGZKHWKHUWKH\ZHUHGRFXPHQWHGRUEDVHGPRUHRQRUJDQLVDWLRQDO
DQGLQGLYLGXDONQRZOHGJH7KHLQWHUYLHZVODVWHGRQHKRXURQDYHUDJHDQGZHUHGLJLWDOO\
UHFRUGHG

7R FRPSOHPHQW WKH LQWHUYLHZ GLVFXVVLRQV WKH UHVSRQGHQWV ZHUH DOVR DVNHG WR
FRPSOHWHDWDEOH WDLORUHGWR WKHLUSDUWLFXODUSRUWDQGUHJLRQ UDWLQJWKHYXOQHUDELOLW\RI
SRUWRSHUDWLRQVWRGLIIHUHQWFOLPDWLFHYHQWVLQFOXGLQJH[WUHPHKHDWF\FORQHUDLQIDOODQG
IRJ VHH$SSHQGL[  IRU VDPSOH WDEOH7KH LQWHUYLHZVZHUH IRUPDOO\ WUDQVFULEHGDQG
FRGHG DQG WKHQ WKHPDWLFDOO\ DQDO\VHG DORQJVLGH GDWD IURP WKH WDEOHV DQGZRUNVKRS
IHHGEDFNWRLQIRUPWKHUHSRUW

)LQDOO\ WRKHOS LQIRUPWKHGHYHORSPHQWRIZRUNIRUFHDGDSWLYHFDSDFLW\RSWLRQVDQGWR
LGHQWLI\SRVVLEOH WUDLQLQJQHHGV IHHGEDFNZDVVRXJKW IURPSDUWLFLSDQWVDWDVHULHVRI
UHVHDUFKGLVVHPLQDWLRQZRUNVKRSVKHOGDWHDFKRIWKHSRUWVGXULQJ6HSWHPEHU
 &DVHVWXGLHV
7KHIROORZLQJVHFWLRQRXWOLQHV WKHVWUXFWXUHDQGPDQDJHPHQWV\VWHPV LQSODFHDW WKH
FDVHVWXG\SRUWVDVZHOODVWKHLUH[SHULHQFHRIH[WUHPHZHDWKHUHYHQWV
 :RUNIRUFHVWUXFWXUH
3RUWZRUNIRUFHV LQ $XVWUDOLD DUH WLJKWO\ UHJXODWHG DQG DUH JHQHUDOO\ KLJKO\ XQLRQLVHG
*ULIILQDQG6YHQVHQ+\PDQ7KHVL]HDQGW\SHRISRUW LQWHUPVRIWKH
FDUJRHVLWKDQGOHVDQGUHFHQWO\WKHH[WHQWRIDXWRPDWLRQRILWVRSHUDWLRQVDUHWKHPDLQ
GHWHUPLQDQWV RI WKH VL]H DQG VWUXFWXUH RI WKH ZRUNIRUFH DW DQ\ RQH SRUW :LWK WKH
LQFUHDVLQJXVHRIWHFKQRORJ\DQGDXWRPDWLRQRIWKHSRUWODERXUSURFHVVWKHVL]HRIWKH
ZRUNIRUFHKDVEHHQVLJQLILFDQWO\ UHGXFHG LQPDQ\SRUWV LQFOXGLQJFRQWDLQHUDQGEXON
SRUWV *HNDUD DQG )DLUEURWKHU IRUWKFRPLQJ  *HQHUDOO\ KRZHYHU WKH SRUW
ZRUNIRUFH LVGLYLGHG LQWR IRXUFRPSRQHQWV)LUVWO\ WKHUH LVDGLVWLQFWGLYLVLRQEHWZHHQ
PDULQHRSHUDWLRQVVWDIIFRPSULVLQJRIKDUERXUPDVWHUVDQG WKHYHVVHO WUDIILF VHUYLFHV
976 VWDII SRUW SLORWV SLORW ERDW FUHZV WXJ RSHUDWRUV DQG OLQHVPHQ DQG FDUJR
RSHUDWLRQVVWDIIZKRGRWKHDFWXDO ORDGLQJDQGXQORDGLQJZRUN7KHVHDUHFRPPRQO\
NQRZQ DV VWHYHGRUHV  $QRWKHU EURDG FDWHJRULVDWLRQ WKRXJK OHVV GLVWLQFWLYH LV
EHWZHHQ WKH PDQDJHPHQW DQG IURQWOLQH ZRUNIRUFH:KHUHDV WKH DGPLQLVWUDWLRQ DQG
PDQDJHPHQWDQGPDULQHFRPSRQHQWVRIWKHZRUNIRUFHUHPDLQVLQYDULDEO\VLPLODUZLWK
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

YDULDQFHV GHWHUPLQHG E\ SRUW VL]HV FRQWDLQHU WHUPLQDOV LQ $XVWUDOLD UHWDLQ D ODUJHU
QXPEHU RI IURQWOLQH ZRUNHUV FRPSDUHG ZLWK EXON SRUWV 7KLV LV EHFDXVH PRVW EXON
RSHUDWLRQVDUHRIWHQVLPSOHOHVVIUDJPHQWHGDQGKLJKO\DXWRPDWHG

$ W\SLFDO IURQWOLQH FRQWDLQHU WHUPLQDOZRUNIRUFH LVPDGHXS RI WHDPV DOVR NQRZQDV
JDQJV $ WHDP LV QRUPDOO\ RUJDQLVHG DURXQG D VKLSWRVKRUH FUDQH ZLWK WKUHH
VWUDGGOHV,WW\SLFDOO\FRPSULVHVVHYHQPHPEHUVLQFOXGLQJFUDQHRSHUDWRUVZKRZRUN
URWDWLRQDOO\ IRXU VWUDGGOH GULYHUV DOVR ZRUNLQJ URWDWLRQDOO\ DQG D WHDP OHDGHU 7KH
VLJQLILFDQFH RI WKH QDWXUH DQG RUJDQLVDWLRQ RI WKH ZRUNIRUFH DW FRQWDLQHU WHUPLQDOV
UHODWHVWRWKHIDFWWKDWWKHWHDPVDUHQRUPDOO\ORFDWHGLQWKHRSHQ\DUGDQGWKXVPRUH
H[SRVHG WR WKH ZHDWKHU HOHPHQWV 6LPLODUO\ EXONSRUW \DUG ZRUNHUV IRU H[DPSOH
WUDFWRU GULYHUVDQGRSHUDWRUVRI RWKHUPRELOHHTXLSPHQWDUHQRUPDOO\H[SRVHG WR WKH
HOHPHQWV

$W *ODGVWRQH WKH LQYHVWLJDWLRQ IRFXVHG RQ WKH DGDSWLYH FDSDFLW\ RI WKH 3RUW
&RUSRUDWLRQDW6\GQH\3RUW WKH IRFXVVKLIWHGWR WKHDGDSWLYHFDSDFLW\RIRQHRI WKH
VWHYHGRULQJ FRPSDQLHV DW D VLQJOH WHUPLQDO WKHUHIRUH QRW WKH EURDGHU SRUW
HQYLURQPHQWIRU3RUW.HPEODWKHWHUPLQDORSHUDWRUVVWHYHGRUHVZHUHH[FOXGHGDQG
WKHIRFXVZDVPRUHRQWKH3RUW&RUSRUDWLRQLWVHOI

$OO RUJDQLVDWLRQVKDYHDPDMRULW\RI HPSOR\HGVWDII UDWKHU WKDQH[WHUQDOO\ FRQWUDFWHG
VWDII DQG DOO SUHIHU WR XVH SHUPDQHQW HPSOR\HG SHUVRQQHO LQ DQ RYHUWLPH VLWXDWLRQ
ZKHQZRUNORDGFDSDFLW\UHTXLUHVDVRSSRVHGWREULQJLQJLQFRQWUDFWRUFDVXDOODERXU
7KH 6\GQH\ 3RUW WHUPLQDO RSHUDWRU LQYHVWLJDWHG DV SDUW RI WKLV UHVHDUFK GRHV KDYH
H[WHUQDO ODERXUFRQWUDFWV IRU LWVVLWHPDLQWHQDQFHKRZHYHU WKHRWKHU WZRSRUWVNHHS
WKLVIXQFWLRQLQKRXVH

*ODGVWRQHKDVTXLWHDGLYHUVHZRUNIRUFHDVWKHLUUHVSRQVLELOLWLHVLQFOXGHPDQDJLQJDQG
RSHUDWLQJ WKH 3RUW DV ZHOO DV D ORFDO PDULQD DQG LWV SDUNODQGV DQG D VHFRQG SRUW
IXUWKHUDORQJ WKHFRDVW3RUW ODQGDQG IDFLOLWLHVDUH ORFDWHGDWYDULRXVVLWHVZLWKLQ WKH
SRUW SUHFLQFW %HFDXVH *ODGVWRQH LV D SUHGRPLQDQWO\ SXEOLF SRUW ZKHUHE\ WKH SRUW
DXWKRULW\RUJDQLVHVPRVWRI WKHRSHUDWLRQV LQFOXGLQJVWHYHGRULQJ WKHUROHVDUHKLJKO\
GLYHUVH7KHUHVSRQGHQWVGUDZQIURPWKHSRUWDXWKRULW\ZHUH WKHUHIRUHDEOH WRFRYHU
WKHEURDGVSHFWUXPRILVVXHV±LQFOXGLQJPDQDJHPHQWUHJXODWRU\DQGRSHUDWLRQDO7KH
UROHV LQFOXGH RIILFHEDVHG UROHV VXFK DV DGPLQLVWUDWLRQ PDUNHWLQJ DQG EXVLQHVV
GHYHORSPHQW ILQDQFH DQG SRUW SODQQLQJ DV ZHOO DV ILHOGEDVHG PDLQWHQDQFH DQG
RSHUDWLRQV UROHV HQJLQHHULQJ HQYLURQPHQWDO DQG ODERXULQJ UROHV FXVWRPHU UHODWLRQV
DQGHQJDJHPHQWUROHV

)RU WKH6\GQH\3RUW WHUPLQDORSHUDWRU WKHZRUNIRUFH UROHV LQFOXGHRIILFHEDVHG UROHV
VXFK DV DGPLQLVWUDWLRQ ILQDQFH SODQQLQJ ORJLVWLFV VDOHV DQG PDUNHWLQJ 7KLV
FRPSRQHQWUHSUHVHQWVDVPDOOHUSHUFHQWDJHRIWKHZRUNIRUFH7KHODUJHUSURSRUWLRQRI
WKH ZRUNIRUFH LV HPSOR\HG LQ IURQWOLQH FDUJR RSHUDWLRQV 7KLV FRPSULVHV PRELOH
HTXLSPHQWRSHUDWRUVFUDQHVVDGGOHFDUULHUVWUXFNVIRUNOLIWVHWFVXSHUYLVRUVODVKHUV
DQGULJJHUV$VSRLQWHGRXWHDUOLHUWKLVODUJHUSURSRUWLRQRIWKHZRUNIRUFHLVQRWRIILFH
EDVHGDQGLVWKHUHIRUHH[SRVHGWRWKHZHDWKHUDQGLWVSRWHQWLDOLPSDFWV$OWKRXJKWKH
ZRUNIRUFH LVSUHGRPLQDQWO\SHUPDQHQWO\HPSOR\HG WKHUH LVDVLJQLILFDQWSURSRUWLRQRI
FDVXDO DQG VHPLSHUPDQHQW ZRUNHUV >NQRZQ DV SHUPDQHQW JXDUDQWHHG HPSOR\HHV
3*(@ZKRVXSSOHPHQWWKHZRUNIRUFHDQGSURYLGHWKHQHHGHGIOH[LELOLW\LQVLWXDWLRQVRI
IOXFWXDWLQJZRUN LQWHQVLW\)XUWKHUPRUHWKH3*(FRKRUWIRUPVWKHQRUPDOWUDLQLQJDQG
UHFUXLWPHQWFKDQQHOIRUWKHSHUPDQHQWZRUNIRUFH

3RUW.HPEODKDVDUHODWLYHO\FRPSDFWZRUNIRUFHZLWKDWLJKWPDQDJHPHQWJURXS5ROHV
LQFOXGH PDULQH DQG SRUW RSHUDWLRQV UROHV >LQFOXGLQJ PDULQH RSHUDWLRQV SLORWDJH DQG
YHVVHO WUDIILF VHUYLFHV 976@ HQJLQHHULQJ DQG HQYLURQPHQWDO PDQDJHPHQW UROHV
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

LQFOXGLQJ LQIUDVWUXFWXUH FRQVWUXFWLRQ DQG PDLQWHQDQFH WHFKQLFDO HQJLQHHULQJ DQG
HQYLURQPHQWDOPDQDJHPHQWDQGGUHGJLQJDQGFRUSRUDWHVHUYLFHV VXFKDV ILQDQFH
DGPLQLVWUDWLRQSODQQLQJDQGEXVLQHVVGHYHORSPHQW

)RUPDQ\RIWKHUROHVDFURVVWKHSRUWVKLJKOHYHOVRIVSHFLDOLVHGVNLOOVDUHUHTXLUHG±
ZKHWKHU WKDW EH HQJLQHHULQJ FUDQHGULYLQJ RU YHVVHO SLORWLQJ %HFDXVHRI WKH VDIHW\
FULWLFDO QDWXUH RI WKH ZRUN WUDLQLQJ DQG FHUWLILFDWLRQ LV KLJKO\ UHJXODWHG DQG ZRXOG
QRUPDOO\ EH SURYLGHG WKURXJK DQ H[WHUQDO DFFUHGLWHG WUDLQLQJ SURJUDP+RZHYHU WKH
LQWHUYLHZVUHYHDOHGWKDWWKHSRUWVHQJDJHLQH[WHQVLYHDQGFRQWLQXRXVWUDLQLQJRIWKHLU
VWDII ERWK QHZ DQG H[LVWLQJ ZLWK WKH DLP RI LPSURYLQJ DQGRU PDLQWDLQLQJ KLJK
SURGXFWLYLW\DVZHOODVHQVXULQJKLJKVDIHW\VWDQGDUGV
³7KH SLORWV«« 7KH\ JR WKURXJK DQ H[WHQVLYH WUDLQLQJ SURJUDP
ZKHQWKH\JHWKHUH«WREHFRPHIDPLOLDUZLWKORFDOFRQGLWLRQV«WKDW
LV IXOO\ DFFUHGLWHG E\ WKH +DUERXUPDVWHU ,W¶V PDULWLPH VDIHW\
UHTXLUHPHQWV´3RUW.HPEOD

 0DQDJHPHQWV\VWHPV
$ SRUW¶V DELOLW\ WR DGDSW WR FOLPDWH FKDQJH SDUWLFXODUO\ H[WUHPH HYHQWV LV VWURQJO\
LQIOXHQFHG E\ WKH PDQDJHPHQW V\VWHPV LQ SODFH DQG KRZ VWDII ZRUN ZLWKLQ WKRVH
V\VWHPV 7KXV DOO NLQGV RI FOLPDWH FKDQJH UHODWHG GLVUXSWLRQ PLJKW EH FRQVLGHUHG
ZRUNIRUFHUHODWHG+RZHYHUWKHUHDUHVRPHZHDWKHUVLWXDWLRQVZKLFKLQWKHLUH[WUHPH
ZRXOGDIIHFWWKHZRUNHUVGLUHFWO\HJH[WUHPHKHDWLQWHQVHUDLQRUVWURQJZLQG0RVWO\
WKHVHZHDWKHUFRQGLWLRQVZRXOG LPSDFWGLUHFWO\RQ WKHKHDOWKDQGVDIHW\RI LQGLYLGXDO
HPSOR\HHV

$OO WKH SRUWV LQYROYHG LQ WKH VWXG\ RSHUDWH TXDOLW\ DQG HQYLURQPHQWDO PDQDJHPHQW
V\VWHPV(06RFFXSDWLRQDOKHDOWKDQGVDIHW\2+6V\VWHPVDVZHOODVHPHUJHQF\
PDQDJHPHQW DQG UHFRYHU\ V\VWHPV DQG ULVN PDQDJHPHQW V\VWHPV 0DQDJHPHQW
V\VWHPV FRQVLVWHQW ZLWK LQWHUQDWLRQDO VWDQGDUGV VXJJHVW D V\VWHPDWLF DSSURDFK WR
WDFNOLQJ WKH LVVXH DW KDQGZKHWKHU WKDW EH HQYLURQPHQWDO LPSDFWV WKURXJK DQ(06
VDIHW\FRQFHUQVWKURXJKDQ2+6V\VWHPRUHPHUJHQF\DQGULVNLVVXHV)RUH[DPSOH
FRPSO\LQJZLWK WKH(06 LQWHUQDWLRQDOVWDQGDUG ,62VXJJHVWVDVWURQJ LQWHUQDO
V\VWHPRI LGHQWLI\LQJHQYLURQPHQWDO LPSDFWVPRQLWRULQJWKHPDQGFRQWUROOLQJ LPSDFWV
,W DOVR VXJJHVWV EURDGHU RUJDQLVDWLRQDO XQGHUVWDQGLQJ RI HQYLURQPHQWDO LPSDFWV DV
FRPPXQLFDWLRQ LV RQH RI WKH NH\ HOHPHQWV RI DQ (06 ,PSRUWDQWO\ LW LPSOLHV D
V\VWHPDWLF DSSURDFK WR HQYLURQPHQWDO FRQVLGHUDWLRQV $Q H[WHUQDOO\ FHUWLILHG (06 LV
QRWPDQGDWRU\DQGFHUWLILFDWLRQFDQEHTXLWHFRVWO\KRZHYHULWHQKDQFHVWKHULJRXURI
WKH (06 SURFHVV DQG LV SHUFHLYHG WR ERRVW WKH HQYLURQPHQWDO FUHGHQWLDOV RI
RUJDQLVDWLRQV

3RUW.HPEOD¶V(06 LVEURDGO\ FRQVLVWHQWZLWK ,62 DOWKRXJKQRWDFFUHGLWHGDV
VXFK*ODGVWRQH¶V(06ZDVH[WHUQDOO\FHUWLILHG LQWR,62ZKLOH WKH
6\GQH\3RUWWHUPLQDORSHUDWRUGRHVQRWDGYHUWLVHDFFUHGLWDWLRQWRDSDUWLFXODUVWDQGDUG
WKH\GRQRWHWKH\KDYHV\VWHPVLQSODFHWRHQVXUHHQYLURQPHQWDOFRPSOLDQFHZLWKWKH
UHOHYDQWVWDWH OHJLVODWLRQDQGOLFHQVLQJUHTXLUHPHQWV7KHODWWHUDOVRRSHUDWHVZLWKLQD
EURDGHURUJDQLVDWLRQWKDWGRHVQRWKDYHDQDFFUHGLWHG(06(06VDUHE\WKHLUQDWXUH
PRUH FRQFHUQHG ZLWK WKH LPSDFW WKH RUJDQLVDWLRQ KDV RQ WKH H[WHUQDO HQYLURQPHQW
UDWKHU WKDQ WKH RWKHU ZD\ DURXQG +RZHYHU D ZHOOIXQFWLRQLQJ (06 RSHUDWHG E\
DSSURSULDWHO\WUDLQHGVWDIIZLOOQRUPDOO\FUHDWHDKHLJKWHQHGDZDUHQHVVRIWKHLQWHUQDO
ULVNVSRVHGE\FOLPDWHFKDQJH±ZKHWKHUWKLVEHH[WUHPHHYHQWVRUJUDGXDOVKLIWV,WLV
DOVR DQ LQGLFDWLRQ RI WKH RUJDQLVDWLRQDO FXOWXUH WRZDUGV HQYLURQPHQWDO UHVSRQVLELOLW\
PRUH JHQHUDOO\ DQG WKH DPRXQW RI ZHLJKW LW LV DFFRUGHG ZLWKLQ WKH RUJDQLVDWLRQ
*ODGVWRQHDQG3RUW.HPEODKDYHVWDIIZKRDUHDFWLYHO\DZDUHRI WKH ULVNVSRVHGE\
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

FOLPDWH FKDQJH DQG DUH NHHQ WR OHDUQ RI XSGDWHG LQIRUPDWLRQ WR NHHS WKH V\VWHPV
XSGDWHGDQGUHOHYDQW3RUW.HPEOD*ODGVWRQH

$ FRPPRQ DSSURDFK WR FRQVLGHULQJ FOLPDWH FKDQJH LPSDFWV LV WR FRQVLGHU LPSDFWV
SRVHG E\ FOLPDWH FKDQJH ZLWKLQ WKH EURDGHU ULVN SURILOH RI WKH RUJDQLVDWLRQ
&RPPRQZHDOWKRI$XVWUDOLD$ZHOOIXQFWLRQLQJSURDFWLYHULVNDVVHVVPHQWDQG
PDQDJHPHQWV\VWHPLVWKHUHIRUHDFRQWULEXWRUWRWKHDGDSWLYHFDSDFLW\RIDSRUWDQGLWV
ZRUNIRUFH 8QGHUVWDQGDEO\ WKH ULVNPDQDJHPHQW V\VWHPV RI SRUWV DUH FRPPHUFLDOO\
FRQILGHQWLDO VR GHWDLOV ZHUH QRW GLVFORVHG +RZHYHU WKHLU ZHEVLWHV UHSRUW WKDW 3RUW
.HPEOD¶V ULVN PDQDJHPHQW SURJUDP FRPSOLHV ZLWK $XVWUDOLDQ VWDQGDUG $6
*ODGVWRQHPDLQWDLQVDEXVLQHVVULVNGDWDEDVHDQGLV LPSOHPHQWLQJDPRUHSURDFWLYH
ULVNPDQDJHPHQWUHJLPH7RLOOXVWUDWHRQHRIWKHZRUNVKRSSDUWLFLSDQWVDW*ODGVWRQH
REVHUYHG WKDW ³PDNLQJ GHFLVLRQV RQ D GHFHQW ULVN EDVLV LV VRPHWKLQJ WKDW LV EHLQJ
VWUHQJWKHQHG DW >RXU SRUW@´ *ODGVWRQH ZRUNVKRS SDUWLFLSDQW  6HSW  7KH
6\GQH\ 3RUW WHUPLQDO RSHUDWRU RQ WKH RWKHU KDQG FKRRVHV QRW WR SXEOLFLVH LWV ULVN
PDQDJHPHQWDSSURDFK

,QUHODWLRQWRH[WUHPHZHDWKHUHYHQWVRQHRIWKHPRVWLQIOXHQWLDOPDQDJHPHQWV\VWHPV
UHODWLQJ WRZRUNIRUFH DGDSWLYH FDSDFLW\ LV WKH2+6PDQDJHPHQW V\VWHP RIWHQ TXLWH
FORVHO\ OLQNHGZLWKHQWHUSULVHDJUHHPHQWV3RUW.HPEODKDVDSXEOLFO\DYDLODEOH2+6
3ROLF\ ZKLFK FRPPLWV WKH RUJDQLVDWLRQ WR PHHW RU H[FHHG OHJLVODWLYH UHTXLUHPHQWV
+RZHYHULWLVQRWDFFUHGLWHGWRDSDUWLFXODUVWDQGDUGZKHUHDV*ODGVWRQH¶V2+63ROLF\
DQG 3URFHGXUHV 0DQXDO IRU &RQWUDFWRUV DUH ERWK SXEOLFO\ DYDLODEOH ZLWK WKH 2+6
0DQDJHPHQW 6\VWHP DFFUHGLWHG XQGHU $6 7KH 6\GQH\ 3RUW WHUPLQDO RSHUDWRU
KDVDVDIHW\SROLF\DQGDVVRFLDWHGGRFXPHQWVWKDWDUHSXEOLFO\DYDLODEOH$FFRUGLQJWR
WKHZHEVLWHDVDIHW\PDQDJHPHQWV\VWHPLVEHLQJLPSOHPHQWHGEXWGRHVQRWPHQWLRQ
DFFUHGLWDWLRQRIWKHV\VWHPWRDQ\VWDQGDUG

,Q DGGLWLRQ WR WKHVH V\VWHPV DOO WKH SRUWVPDLQWDLQ DQ HPHUJHQF\PDQDJHPHQW DQG
UHVSRQVH V\VWHP )RU*ODGVWRQH IRU H[DPSOH LW LV WKLV V\VWHP WKDW LV DXWRPDWLFDOO\
WULJJHUHGZKHQDF\FORQHLVDSSURDFKLQJDQGFHUWDLQSURWRFROVDQGSURFHGXUHVQHHGWR
EH IROORZHG VXFK DV F\FORQH PRQLWRULQJ W\LQJ GRZQ HTXLSPHQW DQG VR IRUWK 7KLV
SURFHGXUHVLWVZLWKLQDIXOOFRUSRUDWHHPHUJHQF\UHVSRQVHDQGUHFRYHU\SODQ6\GQH\
3RUW WHUPLQDORSHUDWRUDOVRKDVDQHPHUJHQF\ UHVSRQVHSODQEXWDFNQRZOHGJHV LW LV
PDLQO\FRQFHUQHGZLWKFKHPLFDOVSLOOV7KHSRUWRIILFLDOLQWHUYLHZHGH[SODLQHGWKDWWKHLU
³«W\SHRIHPHUJHQFLHVDUHPDLQO\KD]DUGRXVFKHPLFDOV OHDNV´6\GQH\3RUWEXW
FRQWLQXHG WR HODERUDWH WKDW WKHLU HPHUJHQF\ GULOOV DUH XQGHUWDNHQ UHJXODUO\ 3RUW
.HPEOD¶V FULVLV PDQDJHPHQW VWUDWHJ\ FRQVLVWV RI IRXU HOHPHQWV DQ HPHUJHQF\
GLVDVWHU UHVSRQVH SODQ SURWRFROV IRU UHVSRQVH WR VHFXULW\ LQFLGHQWV RYHUDOO VHFXULW\
SUHSDUHGQHVV DQG WKH 'LVDVWHU 5HFRYHU\ 3ODQ '53 DQG WKH %XVLQHVV &RQWLQXLW\
0DQDJHPHQW 3ODQ %&03 7KH HPHUJHQF\GLVDVWHU UHVSRQVH SODQ DOLJQV ZLWK WKH
LQWHUQDWLRQDO,QFLGHQW&RQWURO6\VWHP,&6SURWRFROV
 :HDWKHUHYHQWVDQGLPSDFWV
7KURXJK WKH LQWHUYLHZ DQG ZRUNVKRS SURFHVV ZH ZHUH DEOH WR JDWKHU HPSOR\HH
UHFROOHFWLRQVRIH[SHULHQFHVREVHUYDWLRQVRUJHQHUDOUHFRUGVRIVHYHUHZHDWKHUHYHQWV
DQGWKHLU LPSDFWVRQSRUWRSHUDWLRQV%DVHGRQWKHVHUHFROOHFWLRQVZHGLVFXVVHGWKH
H[LVWLQJV\VWHPVIRUPLWLJDWLQJWKHLPSDFWVRIH[WUHPHZHDWKHUVLWXDWLRQVWKDWKDYHWKH
SRWHQWLDO WR GLVUXSW SRUW RSHUDWLRQV 7DEOH  LOOXVWUDWHV WKH UHFDOOHGZHDWKHU HYHQWV
DQGWKHLUDVVRFLDWHGLPSDFWV

)RU *ODGVWRQH WKH PDLQ FRQFHUQ ZDV ZLWK WKH LPSDFWV RI F\FORQHV ± QRW F\FORQHV
SDVVLQJGLUHFWO\RYHUWKHSRUWEXWPRUHWKHUHVLGXDOLPSDFWVRIF\FORQHV,QWHUYLHZHHV
KLJKOLJKWHG WKH FRPELQHG HIIHFWV RI VWURQJZLQGV DQG KHDY\ UDLQ RQ SRUW RSHUDWLRQV
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

$OVRWKHWKUHDWRIF\FORQHDFWLYLW\LQWKHYLFLQLW\ZDVSUHVHQWHGDVSRVLQJDWKUHDWWRWKH
SRUW
³LIWKHWKUHDW
VKHUHIRUDZHHN\RXJRWWRVKXWGRZQIRUDZHHN,ILW
V
KHUHIRUVL[KRXUVVKXWGRZQIRUVL[KRXUV´*ODGVWRQH
Table  24  Recalled  weather  events  and  associated  impacts  


*ODGVWRQH
&\FORQHV
FRPELQDWLRQ
RIVWURQJ
ZLQGVKHDY\
UDLQ
6OXPSLQJRIFRDOVWRFNSLOHVGR]HUVERJJHGWKHUHIRUHVORZLQJWKHORDGUDWH
6HYHUDOKXQGUHGWKRXVDQGGROODUVLQFRVWVWRUHSDLUURDGZD\VDQGWRSXVKFRDO
EDFNLQWRSLOHV
5HTXLUHGWRFORVHWLHGRZQVKLSORDGHUV,QWKHSDVWWKHSRUWKDVEHHQFORVHGIRU
DQ\WKLQJIURPKRXUVWRVHYHUDOGD\VGXHWRDF\FORQHHYHQW
5HVWULFWVPRYHPHQWRIKHOLFRSWHUVWKHUHIRUHUHVWULFWLQJPRYHPHQWRIYHVVHOV
)RJ 5HVWULFWVPRYHPHQWRIKHOLFRSWHUV7KH\FDQ¶WODQGRQYHVVHOVWKHUHIRUHUHVWULFWV
WKHPRYHPHQWRIYHVVHOVLQDQGRXWRIWKHSRUW
,QWHQVH
UDLQIDOO
$VZHOODVFRDOVOXPSLQJVWRUPZDWHUSRQGVFDQILOOXSVRFDQOHDGWRDQRQVLWH
IORRGLQJLVVXHDQGPD\KDYHIORZRQHQYLURQPHQWDOLPSDFWV
/RQJWHUP
GU\LQJDQG
KHDWZDYH
:KHQWKLVLVFRPELQHGZLWKZLQGVWKHUHDUHVLJQLILFDQWGXVWLVVXHV
$OVRDQLVVXHZLWKVSRQWDQHRXVFRPEXVWLRQRIFRDO
6\GQH\3RUWWHUPLQDORSHUDWRU
:LQGFRPELQ
HGZLWKVZHOO
/DUJHVZHOOVSUHYHQWWKHSLORWVIURPERDUGLQJWKHVKLSVWKHUHIRUHGLVUXSWLQJYHVVHO
PRYHPHQW
6ZHOODQGFKRSSLQHVVFDQFRPHXSRYHUWKHZKDUIGXULQJKLJKZLQGVZHOOHYHQWV
7KHZKROHSRUWKDVEHHQFORVHGLQUHFHQWWLPH$XJXVWIRUDERXWKRXUV
GXHWRKLJKZLQGVZHOOHYHQW
:LQG :LQGRYHUNPSHUKRXUFORVHVWKHWHUPLQDORSHUDWLRQV
+HDWZDYH 7KH\DUHQRWFRPPRQLQ6\GQH\3RUWWHUPLQDORSHUDWRUKRZHYHULIRYHU
GHJUHHVWKHZRUNIORZLVUHGXFHG
2YHUGHJUHHVDQGWKHZRUNIRUFHVWRSZRUNHIIHFWLYHO\FHDVLQJWKHPDMRULW\RI
RXWGRRUSRUWIXQFWLRQV
+HDY\UDLQ &RPELQHGZLWKGUDLQDJHLVVXHVPDNHVPRYHPHQWDURXQGWKHSRUWDULVN
7KHSRUWKDVEHHQFORVHGRQRQHUHFHQWRFFDVLRQZKHQZDWHUFRPELQHGZLWK
VXUIDFHRLOFORVHGWKHSRUW
)RJ 6PDOOGHOD\VGXULQJKHDY\IRJ±ORDGLQJDQGXQORDGLQJDVZHOODVPRYHPHQW
DURXQGWKHWHUPLQDO
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV


3RUW.HPEOD
([WUHPH
ZLQG
FRQGLWLRQV
3RVHDULVNIRUQDYLJDWLRQFRQGLWLRQVSDUWLFXODUO\IRUYHVVHOVPRYLQJWRDQGIURPWKH
RXWHUKDUERXUOHDGLQJWRDGHOD\LQYHVVHOPRYHPHQWDQGWKHUHIRUHSRUW
RSHUDWLRQV
'XVWLPSDFWVIURPVWRFNSLOHVGXULQJZLQGHYHQWV
6KLSORDGHUVDWULVNRIWLSSLQJVRQHHGWREHWLHGGRZQGXULQJVWURQJZLQG
FRQGLWLRQVGLVUXSWLQJORDGLQJDQGXQORDGLQJRSHUDWLRQV
6HD
VZHOOVWRUP
FRQGLWLRQV
9HVVHOVFDQEUHDNPRRULQJOLQHV±VRPD\EHGLUHFWHGWRFHDVHORDGLQJXQORDGLQJ
DQGVHQWEDFNRXWWRVHH
&DXVLQJDGHOD\LQSRUWRSHUDWLRQV
)RUWKRVHVKLSVDWDQFKRUWKHUHLVDULVNRIWKHPGUDJJLQJWKHLUDQFKRUVDQGHQGLQJ
XSRQWKHFRDVWVRWKH\PD\EHGLUHFWHGWRSXOOXSDQFKRUDQGKHDGRXWWRVHH
&DXVLQJDGHOD\LQYHVVHOPRYHPHQWDQGWKHUHIRUHSRUWRSHUDWLRQV
7KLVVRUWRIGHOD\PD\EHRQO\DPDWWHURIKRXUVEXWFDQOHDGWRGD\VRIGLVUXSWLRQ

&RQWUDU\WRH[SHFWDWLRQKHDWZDYHVZHUHQRWSHUFHLYHGE\WKHLQWHUYLHZHHVDVRIPDMRU
FRQFHUQ<HWZKHQTXHVWLRQHGLWZDVDFNQRZOHGJHGWKDWKRWGU\ZHDWKHUGRHV³FDXVH
>FRDO@VWRFNSLOHV WRFRPEXVW´*ODGVWRQH WKXVSRVLQJGDQJHUWR WKHSRUW IDFLOLWLHV
DQGWKHZRUNIRUFH
$WWKH6\GQH\3RUW WHUPLQDO³ZLQGLVSUREDEO\WKHJUHDWHVWGDQJHUWRXVEHFDXVHWKH
ZLQGFDQFORVHWKHSRUWQRW MXVW WKH WHUPLQDO WKHZKROHSRUW´ 6\GQH\3RUW:LQG
ZDVVHHQDVWKHELJJHVWFRQFHUQLQ6\GQH\3RUWE\WKHWHUPLQDORSHUDWRUQRWRQO\GXH
WRLWVGLUHFWLPSDFWRQRSHUDWLRQVKDYLQJWRFHDVHZRUNDQGWLHGRZQHTXLSPHQWDERYH
DGHILQHGWKUHVKROGEXWDOVREHFDXVHRILWVSRWHQWLDOWRFUHDWHFKRSSLQHVVLQWKHSRUW
DSSURDFKHV PDNLQJ LW GLIILFXOW DQG GDQJHURXV IRU SLORWV WR ERDUG VKLSV $V RQH
LQWHUYLHZHHQRWHG
³LQWKHFDVHRIWKHWHUPLQDODW>6\GQH\3RUW@WKHZLQGZLOOZKLSXSKXJH
VZHOOVLQWKHRFHDQDQGWKDWSUHYHQWVWKHSLORWVEHLQJDEOHWRJHWRQDQG
RII WKH VKLS 6R LI WKH\ FDQ
W JHW RQDQGRII WKH VKLS WKH VKLSGRHVQ
W
OHDYH WKH SRUW RU LW VLPSO\ GRHVQ
W FRPH LQWR WKH SRUW  6RZH
YH KDG
RFFDVLRQV«ZKHUHWKHSRUW
VEHHQFORVHGIRUXSWRWKUHHGD\VDQGWKDW
VHYHUHO\DIIHFWVWKHEXVLQHVV´6\GQH\3RUW
:KHQSURPSWHGWKHLQWHUYLHZHHDOVRQRWHGWKDWWKHUHZHUHLVVXHVDWWKHWHUPLQDOZLWK
KHDY\UDLQGXHWRLQDGHTXDWHVWRUPZDWHUGUDLQDJH
7KHGLVFXVVLRQDW3RUW.HPEODIRFXVHGSUHGRPLQDQWO\RQ WKH LPSDFWRIVWURQJZLQGV
DQGDVVRFLDWHGVHDVZHOOVDVH[SODLQHGE\RQHRIILFLDO

³>7KHUHDUH@WZRRUWKUHHRFFDVLRQVD\HDUZKHUH\RXJHWRQHRIWKRVH
VRUW RI VFHQDULRV >VWURQJ ZLQG DQG VZHOOV@ ZKHUH EDVLFDOO\ SRUW
RSHUDWLRQVHLWKHUKDYHWRFHDVHDOWRJHWKHULQWHUPVRIWKHPRYHPHQWRI
YHVVHOVRUFHUWDLQYHVVHOVKDYHWREHLQWHUUXSWHGRUVHQWRIIWRVHDDQGLW
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

PLJKWWDNHWKHPDIHZGD\VWRJHWEDFNLQWKHTXHXHWREHKDQGOHGE\
WKHSRUW´3RUW.HPEOD+HDWZDYHVZHUHQRWVHHQDVDSUREOHP³ZH
SUREDEO\GRQ
WJHW WKHVDPHVRUWRISURORQJHGKHDWFRQGLWLRQV WKDW\RX
JHW GRZQ LQ VD\0HOERXUQH RU $GHODLGH LQ WKH VXPPHU´ 3RUW .HPEOD
DQGQHLWKHUZHUHIORRGV³WKHODVWVRUWRIVLJQLILFDQWIORRGLQJHYHQWWR
DIIHFWWKHSRUWZDVLQ´3RUW.HPEOD

:KHQ GLVFXVVLQJ WKH LPSDFW RI H[WUHPH ZHDWKHU FRQGLWLRQV RQ WKH SRUW RSHUDWLRQV
JHQHUDOO\DOOSRUWVPHQWLRQHG WKH LPSDFWRIZHDWKHURQ WKHVXSSO\FKDLQ7KHUHZDV
DOPRVW D IDWDOLVWLF µRXWVLGH RXU FRQWURO¶ DWWLWXGH H[SUHVVHG DFURVV WKH ERDUG )RU
*ODGVWRQH WKHPRVWGUDPDWLF LPSDFWZDV WKHKHDY\ UDLQVDIIHFWLQJ FRDO VXSSO\ IURP
WKHPLQHV HLWKHU EHFDXVH WKHPLQHV WKHPVHOYHV KDG FHDVHGSURGXFWLRQ RU EHFDXVH
WKHUDLOWUDQVSRUWKDGEHHQDIIHFWHG7KLVOHGWRUHGXFHGSURGXFWIORZWKURXJKWKHSRUW
WKDW LPSDFWHG WKHPIRUPRUH WKDQVL[PRQWKV ,Q UHODWLRQ WR WKHKHDY\ UDLQV LQ
RQHLQWHUYLHZHHQRWHG
³WKHELJHYHQWWKDWZHKDG>QHDUO\@WZR\HDUVDJRDFWXDOO\VKXWXV
GRZQIRUVRPHWLPHEHFDXVH WKHUHZDVQRFRDOFRPLQJ LQ IURP
WKH FRDO FRPSDQLHV  VKXW GRZQ DOO WKH LQORDGLQJ VWDWLRQ DQG
WKHQUHGXFHGRQWKHRXWORDGLQJDWVRPHVWDJH´*ODGVWRQH
DQG³D\HDUDQGDKDOIODWHUZHVWLOOKDYHQ
WJRWEDFNWRWKHOHYHO
WKDWZHZHUHSUHWKDWHYHQWDQGWKDW
VSULPDULO\EHFDXVHVXSSO\
FKDLQ´*ODGVWRQH

,WZDVDOVRQRWHGWKDW*ODGVWRQHKDGWRFDUU\WKHLUVWDIIFRVWVGXULQJWKLVWLPHWKDWLV
FRQWLQXHWRSD\VWDIIVDODULHVDQGUHODWHGFRVWVZKLOHWKH\ZDLWHGRXWWKHUDLQVZKLFKLV
D ILQDQFLDO EXUGHQ RQ WKH RUJDQLVDWLRQ 1RW RQO\ GR VXFK RIIVLWH KHDY\ UDLQV DQG
FRQVHTXHQW IORRGLQJVWRSZRUNDW WKHSRUW LW DOVRDSSDUHQWO\PDNHV LWKDUGHU IRU WKH
ZRUNHUV WR JHW WR ZRUN 7KLV ZDV DQ LVVXH UDLVHG SDUWLFXODUO\ E\ WKH 6\GQH\ 3RUW
WHUPLQDORSHUDWRUZKHUH IODVK IORRGVZRXOGQRUPDOO\ LPSHGH WKHZRUNIRUFHJHWWLQJ WR
ZRUN)RU3RUW.HPEODWKHLUPRVWGUDPDWLFLPSDFWVZHUHFDXVHGE\H[WUHPHZHDWKHU
HYHQWV LQRYHUVHDV ORFDWLRQV± WKHIORRGV LQ7KDLODQGDQGWKH WVXQDPL LQ-DSDQERWK
GLUHFWO\DIIHFWLQJIUHLJKWPRYHPHQWV

7KHVH LPSDFWVFDQDIIHFW WKHZRUNIRUFHDW WKHGLIIHUHQWSRUWV LQDYDULHW\RIZD\V$W
*ODGVWRQHIRUH[DPSOHLIORDGLQJRUXQORDGLQJLVGHOD\HGWKHQWKHZRUNIRUFHPD\EH
PRYHG WR DVVLVW ZLWK JHQHUDO PDLQWHQDQFH GXWLHV )RU ORQJHU GHOD\V WKHQ WKH
RUJDQLVDWLRQ HQFRXUDJHV VWDII WR WDNH XS OHDYH RSWLRQV $V RQH LQWHUYLHZHH QRWHG
³WKHUHPD\QRWEHHQRXJKZRUNVRZHWHQGWRSXWSHRSOHRIIRQ OHDYHRUHQFRXUDJH
WKHPWR WDNH OHDYH´ *ODGVWRQH+RZHYHU LWZDVDOVRQRWHG WKDWVRPHVWDII UHO\
TXLWHKHDYLO\RQUHJXODU³RYHUWLPH´ERQXVHVLQWKHLUSD\DQGWKDWUHGXFLQJRYHUWLPHIRU
DQ\SHULRGRIWLPHFDQKDYHDVLJQLILFDQWHIIHFWRQLQGLYLGXDOLQFRPH³VRPHJX\VJHWVR
GHSHQGHQWRQRYHUWLPHWKDWLWGRHVLPSDFWIRUPRQWKVDIWHU´*ODGVWRQH
$W WKH 6\GQH\ 3RUW WHUPLQDO RSHUDWRU VWDII ZLOO JHQHUDOO\ EH NHSW RQVLWH GXULQJ DQ
H[WUHPHZHDWKHUHYHQWLQWKHKRSHLWZLOOSDVVTXLFNO\7KH\DUHUDUHO\VHQWKRPHEXW
UDWKHUVWD\LQDVWDIIURRP$VRQHLQWHUYLHZHH6\GQH\3RUWQRWHG³ZHZRQ
WVHQG
WKHPKRPHEHFDXVHWKHUH
VDFKDQFHWKHSRUWPLJKWRSHQ6RWKH\
OOMXVWKLWWKHPHVV
URRPDQGSOD\FDUGVRUZKDWHYHUWRHQWHUWDLQWKHPVHOYHV´,IFDWFKXSZRUNQHHGVWREH
GRQHWKHQRYHUWLPHPD\EHRIIHUHG9DULRXV³VWRSZRUN´WKUHVKROGVH[LVWSHUWDLQLQJWR
H[WUHPHZHDWKHUHYHQWVLQFOXGLQJKHDWUDLQOLJKWHQLQJZLQGDQGIRJ
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

 'LVFXVVLRQ
 6\VWHPVDQG3URFHVVHV
0DQDJHPHQW V\VWHPV LQ SODFH DW WKH SRUWV KDYH OHG WR D UDQJH RI DGDSWDWLRQ
PHFKDQLVPVEHLQJDGRSWHGRYHUWKH\HDUVWRGHDOZLWKH[WUHPHZHDWKHULPSDFWV

$W *ODGVWRQH WKH DGDSWDWLRQ PHDVXUHV ZRXOG DSSHDU WR EH GULYHQ
SUHGRPLQDQWO\ E\ HPHUJHQF\ PDQDJHPHQW DQG UHVSRQVH V\VWHPV 6HYHUDO
*ODGVWRQHLQWHUYLHZHHVLGHQWLILHGWKHLUHPHUJHQF\PDQDJHPHQWDQGUHVSRQVH
SURFHGXUHVDQGWKHUROHWKHVHSURFHGXUHVSOD\LQGHWHUPLQLQJWKUHVKROGVDQG
DFWLRQV GXULQJ H[WUHPH ZHDWKHU ,QWHUYLHZHH *ODGVWRQH  IRU H[DPSOH
QRWHG

³>ZH@KDYHDQXPEHURISURFHGXUHVIRUGHDOLQJZLWKDUDQJHRISRVVLEOH
HPHUJHQF\VFHQDULRVRU LQFLGHQWVFHQDULRV  ,QFOXGHGLQWKDWDUHWKLQJV
OLNHF\FORQHVIORRGVKHDY\UDLQIDOOHYHQWV´*ODGVWRQH
7R LOOXVWUDWH IXUWKHU FORVLQJ GRZQHTXLSPHQW GXULQJ DSSURDFKLQJ VWURQJZLQGVKHDY\
UDLQ DQG F\FORQH HYHQWV ZDV PHQWLRQHG DV EHLQJ SDUW RI WKH HPHUJHQF\ UHVSRQVH
SURFHGXUH7KDWLVLIZLQGVDUHDERYHNPKWKHVKLSORDGHUVDUHPRYHGLQWRVWRUP
ORFNSRVLWLRQDQGLIOLJKWHQLQJLVGHWHFWHGZLWKLQNPRIWKHIDFLOLW\LWLVDOVRSXWLQWR
VWRUPORFNSRVLWLRQ6HYHUDOVWDIIFRPPHQWHGWKDWWKHF\FORQHUHVSRQVHSURFHGXUHZDV
WHVWHG DQG UHYLHZHG DQQXDOO\ GXULQJ 2FWREHU  EHLQJ WKH EHJLQQLQJ RI ³F\FORQH
VHDVRQ´
³(YHU\\HDU ,FDQRQO\VSHDNIRUSURGXFWLRQ LQ1RYHPEHU2FWREHU
1RYHPEHU WUDLQLQJ GD\V ZLWK RXU JX\VZHZRXOG UXQ WKURXJK F\FORQH
SURFHGXUHVDQGWKRVHVRUWVRIWKLQJV´*ODGVWRQH

$GGLWLRQDOO\ VHYHUDORI*ODGVWRQH¶VSURFHGXUHV IRU WKHPLWLJDWLRQRIH[WUHPHZHDWKHU
HYHQWV DUH EDVHG RQ WKH (06 DQG LQ OLQH ZLWK WKDW H[WHUQDOO\ GULYHQ UHJXODWRU\
UHTXLUHPHQWV)RUH[DPSOH WKH\DUHKHDYLO\PRQLWRUHGIRUGXVWDQGZDWHUGLVFKDUJH
IURPWKHVLWHVRGXULQJVWURQJZLQGDQGKHDY\UDLQHYHQWVZRUNSURFHGXUHVKDYHEHHQ
GHYHORSHGWRUHGXFHGXVWIURPWKHFRDOKHDSVDQGWRUHGXFHSROOXWHGGLVFKDUJHIURP
WKH VLWH 2QH LQWHUYLHZHH QRWHG ³ZH DUH UHDOO\ WU\LQJ WR GHYHORS DQG HQKDQFH WKH
V\VWHPVZHKDYHIRUVDIHW\HQYLURQPHQWDQGULVN´ *ODGVWRQHDQGVDZWKLVDVD
NH\PHDQVWRDGDSWLQJWRWKHIXWXUHLPSDFWVRIFOLPDWHFKDQJH

$WWKH6\GQH\3RUWWHUPLQDORSHUDWRUH[WUHPHZHDWKHUFDQFDXVHZRUNVWRSSDJHVLQD
QXPEHURIVLWXDWLRQV LQFOXGLQJH[WUHPHKHDW IRJDQGVWURQJZLQGV'LVFXVVLRQVZLWK
WKHWHUPLQDORSHUDWRUIRFXVHGRQWKHUROHSOD\HGE\WKH2+6V\VWHPDQGDVVRFLDWHG
HQWHUSULVHEDUJDLQLQJIRUGHYHORSLQJSDUWLFXODUSURFHVVHVDQGWKUHVKROGV)RUH[WUHPH
KHDWDQHJRWLDWHGSRVLWLRQKDVEHHQUHDFKHGZKHUHWKHUHDUH LQFUHDVHGZRUNEUHDNV
DQG UHOLHI WHDPVRYHUR&DQGZRUNFHDVHVRYHUR&+LJKZLQGVSHHGVDERYHD
FHUWDLQ WKUHVKROGZLOODOVRFDXVHZRUNVWRSSDJHDWDUHFRUGHGWKUHVKROGRIDERYH
NPKFUDQHVVWRSZRUNDQGDERYHNPKWKHZKROH WHUPLQDOVWRSV7KHUHDUHDOVR
QHJRWLDWHGEHQFKPDUNVIRUKHDY\UDLQDQGIRJZKLFKDUHOHVVUHDGLO\GHILQHG7KDWLV
WKH\DUHQRW UHFRUGHG LQDSDUWLFXODU2+6GRFXPHQWDVDSUHGHWHUPLQHGYROXPHRI
UDLQ RU KHDYLQHVVRI IRJ+RZHYHU WKHUHDUHSUHGHWHUPLQHGSDUDPHWHUVZKLFKERWK
WKHZRUNIRUFHDQGPDQDJHPHQWDUHDZDUHRIDQGZRUNWR6HHPLQJO\LWLVDFRPELQHG
GHFLVLRQ RI WKH +HDOWK DQG 6DIHW\ 5HSUHVHQWDWLYH DQG WKH VKLS PDQDJHU ,Q DOO
VLWXDWLRQVPHQWLRQHGDERYHLWLVWKH2+6V\VWHPWKDWKDVEHHQWKHRSHUDWLRQDOV\VWHP
WKDWVXSSRUWVDQGIDFLOLWDWHVWKHDGDSWDWLRQDFWLRQ
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV


7KHVDIHW\HQYLURQPHQWDQGULVNPDQDJHPHQWV\VWHPVDOVRGULYHDGDSWDWLRQDFWLRQVDW
3RUW.HPEOD/LNH*ODGVWRQHWKHSRUWKDVDQLVVXHZLWKGXVWDQGZDWHUGLVFKDUJHVR
PDQ\ LQQRYDWLYH DGDSWDWLRQV DUH EURXJKW DERXW WR PLQLPLVH WKHVH LPSDFWV 6DIHW\
SURFHGXUHV VXUURXQGLQJ WKH ORFNLQJ GRZQ RI HTXLSPHQW GXULQJ VWURQJ ZLQGV DUH LQ
SODFHDQG OLQNLQJZLWKZHDWKHUVWDWLRQVVRXWKRI WKHSRUWSURYLGHVDGYDQFHQRWLFHRI
LPSHQGLQJZLQGHYHQWV

7KHV\VWHPVGLVFXVVHGDERYHJXLGHWKHDFWLRQVDQGEHKDYLRXURIWKHSRUWV¶ZRUNIRUFH
WKXV WKH\ FDQ HLWKHU HQKDQFH RU FRQVWUDLQ WKH ZRUNIRUFH¶V DGDSWLYH FDSDFLW\
5HYLHZLQJWKUHVKROGVDQGHIIHFWLYHRSHUDWLRQRISRUWV\VWHPVDVWKHFOLPDWHFKDQJHV
LV DQ LPSRUWDQW VWHS LQ NHHSLQJ WKH V\VWHPV UHOHYDQWDV FRQGLWLRQV FKDQJH7KURXJK
WKLV UHYLHZ SURFHVV KRZHYHU WKHUH QHHGV WR EH WKH DOORZDQFH IRU FUHDWLYLW\ DQG
LQQRYDWLRQRWKHUZLVHDGDSWDWLRQVFDQEHOLPLWHG

 6NLOOVDQGNQRZOHGJH
7KH HQYLURQPHQW VWDII DW DOO WKUHH SRUWV RU WKRVH VWDII ZLWK VSHFLILF HQYLURQPHQW
UHVSRQVLELOLWLHVVXFKDVHQYLURQPHQWSODQQLQJRUPRQLWRULQJDQGFRPSOLDQFHFOHDUO\
KDGDQXQGHUVWDQGLQJRIFOLPDWHFKDQJHDQG LWVSRWHQWLDO LPSDFWVRQ WKHLU UHVSHFWLYH
SRUWHQYLURQV+RZHYHUWKH\GLGQRWWKHPVHOYHVKDYHWKHWHFKQLFDONQRZOHGJHDQGVNLOO
DURXQG WKHVKLSSLQJFRQVWUDLQWVSDUWLFXODUZHDWKHU WKUHVKROGVPD\ LPSRVHRUKRZ WR
DVVHVVWKHUHVLOLHQFHRILQIUDVWUXFWXUHPDWHULDOVHWF,QVRPHZD\VWKLVVNLOOLVFXUUHQWO\
RXWVRXUFHG WR FRQVXOWLQJ ILUPV ZKR XQGHUWDNH FOLPDWH DVVHVVPHQWV DV SDUW RI
GHYHORSPHQW SODQQLQJ SURSRVDOV DW SRUWV 7KH LQIRUPDWLRQ LV WKHQ UHWXUQHG WR WKH
UHSRUWV WKURXJK DZULWWHQ UHSRUW ,W LV XS WR LQGLYLGXDOV WR WDNH RQ ERDUG WKH FOLPDWH
UHODWHGNQRZOHGJHZLWKLQWKRVHUHSRUWV
0RVWSRUWVWDII LQWHUYLHZHGH[KLELWHGTXLWHDFRQILGHQWXQGHUVWDQGLQJRIVHDOHYHO ULVH
LPSOLFDWLRQV IRU WKHLU UHJLRQ7KLV LV D FOLPDWH UHODWHGSDUDPHWHU WKDW KDVEHHQJLYHQ
VRPHOHYHORI³FHUWDLQW\´E\VWDWHJRYHUQPHQWVOHJLVODWLQJIRUPLQLPXPVHDULVHOHYHOVLQ
SODQQLQJUHJXODWLRQV$OOSRUWVFRPPHQWHGWKDWIXWXUHLQIUDVWUXFWXUHGHYHORSPHQWSODQV
KDG LQFRUSRUDWHG DQWLFLSDWHG VHDOHYHO ULVH LQ WKHLU GHVLJQ VWDJH DQG WKDW DQ\
GHYHORSPHQWV DW WKH SRUW ZHUH VXEMHFW WR D UHYLHZ DQG ULVN DVVHVVPHQW RI IXWXUH
ZHDWKHUFRQGLWLRQVZKLFKFRQWULEXWHGWRWKHGHYHORSPHQWSURFHGXUH,WZDVH[SODLQHG
WKXV
³7KHUH
V EHHQ D ORW RI ZRUN GRQH DURXQG SODQQLQJ IRU VHDOHYHO ULVH´
3RUW.HPEOD DQG ³WKHZD\ WKHZDOOVDUHEXLOW FRQVLGHUHGVRPH
YDULDWLRQV LQ FOLPDWLF HYHQWV LQFOXGLQJ IORRGV DQG ZDYH
VXUJHV´*ODGVWRQH

6RPHVWDII H[KLELWHGNQRZOHGJHRI VRPHRI WKHEURDGHU LPSDFWVRI FKDQJLQJFOLPDWH
FRQGLWLRQV IRU H[DPSOH RQH *ODGVWRQH LQWHUYLHZHH ZDV JDWKHULQJ LQIRUPDWLRQ DQG
UHVHDUFKWRLQIRUPWKHGHYHORSPHQWRIDSDQGHPLFVWUDWHJ\DFNQRZOHGJLQJWKDWYHFWRU
ERUQHGLVHDVHVVXFKDVGHQJXHIHYHUPD\SURYHDWKUHDWWRWKHSRUWLQWKHIXWXUH:KLOH
DW3RUW.HPEOD RQH VWDIIPHPEHUZDV YHU\ NHHQ WR KHDU RI DGYDQFHPHQWV LQZDYH
PRGHOLQJDQGSURDFWLYHO\VRXJKWRXWWKLV LQIRUPDWLRQ+RZHYHU IRUPDQ\VWDIIIXWXUH
FOLPDWH FKDQJHZDV VWURQJO\ UHODWHG WR WKHLU SHUFHSWLRQV RI FXUUHQW H[WUHPHZHDWKHU
HYHQWV7KH\IHOWWKDWWKHSRUWZDVFRSLQJZHOOFXUUHQWO\ZLWKH[WUHPHHYHQWVDQGWKDWLW
ZRXOG SUREDEO\ FRQWLQXH WR GR VR LQ WKH IXWXUH DV V\VWHPV DQG WHFKQRORJ\ ZRXOG
HYROYH WR KDQGOH WKH QHZ FRQGLWLRQV 7KHUHIRUH WKHVH LQGLYLGXDOV GLG QRW DSSHDU WR
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

DFWLYHO\ VHHN RXW IXUWKHU NQRZOHGJH RQ FOLPDWH FKDQJH RU WR HQKDQFH WKHLU VNLOOV LQ
UHODWLRQWRLW

'XULQJZRUNVKRSVDW WKHSRUWVSDUWLFLSDQWVQRWHGWKDW LQGLYLGXDOVNLOOVDQGNQRZOHGJH
DURXQG FOLPDWH FKDQJH ZHUH JHQHUDOO\ JDLQHG WKURXJK SURIHVVLRQDO GHYHORSPHQW
RSSRUWXQLWLHV ZKLFK PLJKW EH WUDLQLQJ VHVVLRQV WKURXJK LQGXVWU\ DVVRFLDWLRQV RU
DWWHQGLQJZRUNVKRSVDQGFRQIHUHQFHVUHOHYDQWWRWKHLUILHOGRIZRUN

$Q LPSRUWDQW DVSHFW RI LQGLYLGXDO NQRZOHGJH DQG VNLOO DFTXLVLWLRQ LV WKH DFFHVV WR
LQIRUPDWLRQ7KLVSURMHFW UHLWHUDWHVZKDWRWKHUVWXGLHVKDYH IRXQG WKDW IXWXUHFOLPDWH
GDWDUHOHYDQWWRORFDOVLWXDWLRQVLVYHU\GLIILFXOWWRDFFHVVDQGLQWHUSUHW7KLVLQGLFDWHV
EURDGHU LVVXHVRIFRPPXQLFDWLQJFOLPDWH ULVNV'XULQJ WKHZRUNVKRS WKH LQIRUPDWLRQ
UHTXLUHPHQWVDURXQGIXWXUHFOLPDWHSDUDPHWHUVZHUHKLJKOLJKWHGLQFOXGLQJYDULDWLRQWR
ZDYH KHLJKWVZLQG YHORFLW\ DQG GLUHFWLRQ SDUDPHWHUV YDULDWLRQV WR H[WUHPHZHDWKHU
HYHQWVVXFKDVUDLQDQGVWRUPVIRUWKHLUORFDWLRQDQGVRIRUWK7KHVHDUHVRPHRIWKH
KDUGHVWWRPRGHOLQWRWKHIXWXUHWKXVFDXVLQJDGGLWLRQDOIUXVWUDWLRQLQWKHDFTXLVLWLRQRI
ZRUNUHOHYDQW NQRZOHGJH DURXQG FOLPDWH FKDQJH FRQIOLFWLQJ ZLWK WKH QHHG IRU
HYLGHQFHEDVHGGHFLVLRQPDNLQJ
 2UJDQLVDWLRQDO&XOWXUH
7KHRUJDQLVDWLRQDOFXOWXUHDVLWUHODWHVWRFOLPDWHFKDQJHDGDSWDWLRQLVVWURQJO\UHODWHG
WRWKHOHDGHUVKLSWHDPWKHLUXQGHUVWDQGLQJRIFOLPDWHFKDQJHDQGLWVSRWHQWLDOLPSDFWV
DQGWRWKHLUZLOOLQJQHVVWRDGDSW3RUW.HPEODVWURQJO\H[KLELWHGDOHDGHUVKLSWHDPWKDW
ZDV DFWLYHO\ VHHNLQJ RXW NQRZOHGJH RI FOLPDWH FKDQJH DQG LWV LPSDFWV DV ZHOO DV
HQJDJLQJ SURDFWLYHO\ RQ WKH LVVXH 0HPEHUV RI WKH PDQDJHPHQW JURXS SURDFWLYHO\
ORRNHGDWKRZWKHLUZHDWKHUPRQLWRULQJDQGUHSRUWLQJV\VWHPVPD\EHXVHGWREHWWHU
SUHGLFWWKHLUIXWXUHZHDWKHUVLWXDWLRQDQGWRDFWLYHO\VHHNRXWFOLPDWHVFLHQFHUHOHYDQW
WRWKHLUDUHD

2YHUDOO HDFK RI WKH SRUWV KDG D VRPHZKDW GLIIHUHQW FRUSRUDWH FXOWXUH LQ UHODWLRQ WR
FOLPDWHFKDQJH7KLVYDULHGIURPDYLHZWKDWWKHZHDWKHUZDVRXWVLGHWKHFRQWURORIWKH
RUJDQLVDWLRQDQGWKH\ZRXOGMXVWGHDOZLWKVLWXDWLRQVZKHQWKH\DURVHDVH[SODLQHGE\
RQHRIILFLDO ³,GRQ
W WKLQN WKHFRPSDQ\ UHDOO\VHHV LW >WKHZHDWKHU@DVVRPHWKLQJ WKH\
FDQGRPXFKDERXW´6\GQH\3RUWWRRQHWKDWHQFRXUDJHGHQJDJHPHQWRIVWDIILQ
XQGHUVWDQGLQJ FOLPDWH FKDQJH 7KLV FRUSRUDWH FXOWXUDO YLHZ SHUPHDWHG WKH
FRQVLGHUDWLRQ RI IXWXUH FOLPDWH ULVNV DQG KRZ WKHVH ZHUH EHLQJ UHJDUGHG E\ WKH
RUJDQLVDWLRQ
 2EVHUYDWLRQV
7KH IRUHJRLQJ GLVFXVVLRQV OHDG WR D QXPEHU RI SRLQWV UHJDUGLQJ WKH WKUHH SRUWV¶
FXOWXUHVDQGDWWLWXGH WRZDUGVZRUNIRUFHDGDSWDWLRQ)LUVWO\ WKHUH LVVHHPLQJO\DYLHZ
WKDWWKHSRUWVKDYHDGHTXDWHVWUXFWXUHVLQSODFHWRHQVXUHWKDWWKHLUZRUNHUVDUHDEOHWR
FRSHZLWK FXUUHQWPDQLIHVWDWLRQVRI FOLPDWHH[WUHPHV6XFKPDQLIHVWDWLRQV YDU\ IURP
SRUW WR SRUW EXW EURDGO\ LQFOXGH H[WUHPH KHDW H[WUHPH ZLQG FRQGLWLRQV VWURQJ VHD
VXUJH IRJ DQG IODVK IORRGV 6HFRQGO\ DQG IROORZLQJ IURP WKH DERYH D ORW RI WKH
PHDVXUHV LQSODFH UHODWH WR2FFXSDWLRQDO+HDOWKDQG6DIHW\ V\VWHPV(QYLURQPHQWDO
0DQDJHPHQWV\VWHPVDQG(PHUJHQF\5HVSRQVHSURFHGXUHV6HHPLQJO\D IRFXVRQ
FXUUHQWVLWXDWLRQVDVWKH\DULVH LV LQIRUPHGE\WKHYLHZWKDWIXWXUHFKDQJHVWRFOLPDWH
FKDQJHDUHVFLHQWLILFDOO\YDJXHDQG WKHUHIRUHKDUG WRSUHSDUH IRU$VRQHSRUWRIILFLDO
REVHUYHG³,WZRQ
WEHXQWLOZHUHDOO\WKLQNDERXWLWWKDWZH
OOUHDOLVHWKDWFOLPDWHFKDQJH
DFWXDOO\ ZDV RQH RI WKH GULYHUV WRZDUGV XV FKDQJLQJ WKH ZD\ ZH GR WKLQJV´ 3RUW
.HPEOD ,QRWKHUZRUGVSRUWVZLOO FRQWLQXH WRGRZKDW WKH\KDYHDOZD\VGRQH LQ
WHUPV RI PDNLQJ VXUH WKDW WKHLU RSHUDWLRQV DUH VDIH HIILFLHQW DQG SURGXFWLYH 7KXV
UHIOHFWLQJRQWKHFXOWXUHDWWKHGLIIHUHQWSRUWVDSDUWIURPVRPHYHU\VSHFLILFH[DPSOHV
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

WKHUH ZDV JHQHUDOO\ D YLHZ WKDW FOLPDWH FKDQJH KDG QRW UHDOO\ EHHQ FRQVLGHUHG WRR
GHHSO\ LQ IXWXUHSODQQLQJH[FHSWZKHUH OHJLVODWLYHO\PDQGDWHG&RPPHQWVVXFKDV³,
GRQ
WWKLQNDQ\RQH
VUHDOO\SDLGPXFKDWWHQWLRQ´6\GQH\3RUWUHIOHFWWKLVYLHZ

+DYLQJVDLGWKDWKRZHYHUWKHSRUWVDUHEHJLQQLQJWRWKLQNDERXWZD\VE\ZKLFKWKH\
PD\EHWWHUPDQDJHWKHLPSDFWVRIH[WUHPHZHDWKHUFRQGLWLRQV1RWHWKDWWKHVHDUHQRW
QHFHVVDULO\WKRXJKWRIDVµFOLPDWHFKDQJH¶EXWDVLVRODWHGDQGLUUHJXODUZHDWKHUFDVHV
2QH RI WKH ZD\V KLJKOLJKWHG LV LQFUHDVHG DXWRPDWLRQ WHFKQRORJ\ $XWRPDWLRQ RI
RSHUDWLRQVERWKDWEXONDQGFRQWDLQHUWHUPLQDOVLVVHHQDVWKHVXUHVWZD\RIJXDUGLQJ
RSHUDWLRQVIURPZHDWKHUUHODWHGGLVUXSWLRQV7KHDGRSWLRQRIDXWRPDWHGDQGUHPRWHO\
RSHUDWHGFUDQHVVWUDGGOHVDQGRWKHUPRELOHFDUJRHTXLSPHQWZLOODVH[SODLQHGE\RQH
SRUWUHSUHVHQWDWLYHµWDNHDZD\SHRSOH¶%IURPWKHRSHUDWLRQVDQGWKXVUHGXFHZRUN
VWRSSDJHVFDXVHGE\ZRUNHUVSUHYHQWHGIURPZRUNLQJRUDFFHVVLQJZRUNEHFDXVHRI
H[WUHPHZHDWKHU7KHYLHZKHUHLVWKHUHIRUHQRWRQHRIDGDSWLQJWKHH[LVWLQJZRUNIRUFH
WRDFKDQJLQJFOLPDWHEXWUDWKHUUHGXFLQJWKHKXPDQLQWHUYHQWLRQZKLFKLVYLHZHGDV
KLJKO\YXOQHUDEOH

6RPHRI WKHPHDVXUHVKLJKOLJKWHGKRZHYHUGHDOGLUHFWO\ZLWKPDNLQJ WKHZRUNIRUFH
UHDG\ WRZRUNZLWK DQGPDQDJHH[WUHPHZHDWKHU FRQGLWLRQV 3RUW.HPEOD H[SODLQHG
WKHLUPRYH WR HQKDQFH WKH WUDLQLQJ RI WKHLU SLORWV DQG SLORWERDW FUHZV WR EH DEOH WR
QDYLJDWH LQ URXJK DSSURDFK FRQGLWLRQV $W WKLV SRUW WKHUH ZDV UHFRJQLWLRQ RI WKH
SRVVLELOLW\WKDWVXFKFRQGLWLRQVZLOO LQFUHDVHZLWKWLPHDQGWKDWWKHLUPDULQHRSHUDWLRQV
VWDIIQHHGHGWREHDZDUHRIWKLVDQGEHHTXLSSHGZLWKWKHVNLOOVWRPDQDJHWKHP0RUH
JHQHUDOO\ WKH SRUWV YLHZHG WKH QHHG IRU WUDLQLQJ DV UHODWLQJ WR WKH JHQHUDO VDIHW\
DZDUHQHVV DQG HPHUJHQF\ SUHSDUHGQHVV RI WKH ZRUNIRUFH (QKDQFHG DQG PRUH
WDUJHWHGZRUNIRUFHWUDLQLQJKDVEHHQUHFRJQLVHG LQUHFHQW UHVHDUFKDVNH\ WRFOLPDWH
FKDQJHDGDSWDWLRQ1XUVH\%UD\DQG0LOOHUREVHUYHWKDWLQRUGHUWRSUHSDUH
IRUDQGDGDSWWRDFKDQJLQJFOLPDWHSRUWVPXVWµWUDLQSRUWVDQGVKLSSLQJSURIHVVLRQDOV
LQULVNDQGYXOQHUDELOLW\DVVHVVPHQWWHFKQLTXHV¶7KH\REVHUYHWKDW

,WLVLPSRUWDQWWKDWPDULWLPHLQGXVWU\SODQQHUVDQGSURIHVVLRQDOVDUHDEOHWRUDWH
WKH SUREDELOLW\ RI FOLPDWH FKDQJH LPSDFWV LQ RUGHU WR DVVHVV WKH VRFLDO
HFRORJLFDOSROLWLFDOHFRQRPLFDQGOHJDOFRQVHTXHQFHVRIWKDWSDUWLFXODULPSDFW
S

 5HFRPPHQGDWLRQVIRUEXLOGLQJDGDSWLYHFDSDFLW\RIWKH
ZRUNIRUFH
'XULQJZRUNVKRSVKHOGLQ6HSWHPEHUDWHDFKRIWKHSRUWVLWHPHUJHGWKDWRQHRI
WKHPRVW LPSRUWDQWPHDVXUHV WRIDFLOLWDWHWKHGHYHORSPHQWRIDZRUNIRUFHDGDSWLYH WR
FOLPDWH FKDQJH ZDV WKH GHYHORSPHQW RU UHLQIRUFHPHQW RI DQ RUJDQLVDWLRQDO FXOWXUH
WKDW DFFHSWHG WKH QHHG WR DFW RQ VXVWDLQDELOLW\ DQG FOLPDWH FKDQJH ,W ZDV DOVR
UHFRJQLVHGWKDWWKLVVWHPPHGIURPWKH&(2DQGWKHH[HFXWLYH
³:H QHHG VXSSRUW IURP WKH H[HFXWLYH´ 6\GQH\ 3RUW :NVKS 
6HSWDQG³WKHUHQHHGVWREHDFXOWXUDOUHRULHQWDWLRQ>WRWKLQN
DERXWFOLPDWHFKDQJH@>+HUH@LW LVYHU\PXFKLQWKHRUJDQLVDWLRQ´
3RUW.HPEOD:NVKS6HSW

6XJJHVWLRQV IRU EXLOGLQJ D ³FOLPDWH FKDQJH FXOWXUH´ HPHUJHG LQFOXGLQJ GHYHORSLQJ D
EXVLQHVVFDVHWKDWRXWOLQHGZKDWZRXOGEHWKHFRVWRIDFWLRQYHUVXVLQDFWLRQWRDGDSW
WR FOLPDWH FKDQJH 7KLV FRXOG SRWHQWLDOO\ EH VXSSRUWHG E\ D SRUW &(2H[HFXWLYH
DZDUHQHVV SURJUDP WKDW SUHVHQWHG WKH RXWFRPHV RI WKLV DQG RWKHU UHVHDUFK LQ D
YLVXDO ZD\ 2QH SDUWLFLSDQW DW WKH *ODGVWRQH ZRUNVKRS QRWHG ³DZDUHQHVV LV WKH
VWDUWLQJSRLQW´
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV


7KHZRUNVKRSVDOVRGLVFXVVHGKRZWKHPDQDJHPHQWV\VWHPVDWSRUWVPLJKWEHDOWHUHG
WRSURYLGHJUHDWHUDGDSWLYHFDSDFLW\2QHSRUWIHOWLWZDVZRUWKUHYLVLWLQJWKHWKUHVKROGV
GHWHUPLQHGLQHQWHUSULVHEDUJDLQLQJDQG2+6V\VWHPVVXFKDVZLQGVSHHGVDQGKHDW
WKUHVKROGV 'LG WKH\ WDNH DFFRXQW RI FKDQJLQJ HTXLSPHQW VWDQGDUGV DV ZHOO DV
FKDQJLQJFOLPDWLFQHHGV" ³:K\GLGZHSLFN WKH WKUHVKROGVZHDUHZRUNLQJ WR":KDW
ZDV WKH HYLGHQFH EDVH" 6\GQH\ 3RUW :NVKS  6HSW  $QRWKHU WKRXJKW D
UHJXODU UHYLHZ RI V\VWHPV DQG DOWHUDWLRQ LQ DQ LQFUHPHQWDO ZD\ ZRXOG EH WKH EHVW
DSSURDFKHQVXULQJFOLPDWHFKDQJHLVFRQVLGHUHGLQDQRQJRLQJEDVLV

,W ZDV IHOW WKDW FOLPDWH FRQVLGHUDWLRQV VKRXOG EH LQFRUSRUDWHG LQWR WKH UHJXODU ULVN
UHYLHZSURFHVVRI WKHSRUWV)RU VRPHSRUWV WKLV LQYROYHV WKHGHYHORSPHQWRI D ULVN
SURILOH HYHU\ WZR \HDUV DQG PD\ LQFOXGH VLWWLQJ GRZQ ZLWK LQVXUHUV DV SDUW RI WKDW
SURFHVV +RZHYHU WKHUH ZDV QRW D ORW RI DZDUHQHVV RI ZKDW DGGLWLRQDO VNLOOV DQG
NQRZOHGJHPLJKW EH QHHGHG WR DGHTXDWHO\ FRQVLGHU FOLPDWH ULVNVZLWKLQ WKH EURDGHU
ULVNSURILOHRIWKHSRUW

$GGLWLRQDOO\ DOO WKUHH SRUWV DFNQRZOHGJHG WKDW D ³EHWWHUEHVW´ SUDFWLFH DSSURDFK WR
PDQDJHPHQW V\VWHPV ZRXOG KHOS DGGUHVV WKH HPHUJLQJ DGDSWLYH FDSDFLW\ QHHGV
*ODGVWRQHZDV UROOLQJ RXW DPRUH VWDQGDUGLVHG DSSURDFK DFURVV WKH RUJDQLVDWLRQ WR
HPHUJHQF\ PDQDJHPHQW SURFHGXUHV ³>:H@ DUH ORRNLQJ DW D PRUH VWDQGDUGLVHG
DSSURDFKDVVHVVLQJWHVWLQJV\VWHPVHWF´*ODGVWRQH:NVKS6HSW
7KH GLVFXVVLRQ DURXQG LQGLYLGXDO NQRZOHGJH DQG VNLOOV IRFXVHG SULPDULO\ RQ
SURIHVVLRQDO GHYHORSPHQW RSSRUWXQLWLHV DQG KRZ WKHVH GLIIHUHG DFURVV GLIIHUHQW
SURIHVVLRQV DQG WUDGHV 3URIHVVLRQDO GHYHORSPHQW FRXOG EH DFFUHGLWHG WUDLQLQJ
FRQIHUHQFHV DQGZRUNVKRSV RU HYHQ RSSRUWXQLWLHV WR SUHVHQW SXEOLFO\ 7KH UDQJHRI
VNLOOV DQG NQRZOHGJH WKH SRUWV ZHUH LQWHUHVWHG LQ YDULHG IURP PRUH LQIRUPDWLRQ RQ
VSHFLILF FOLPDWH LPSDFWV VXFK DV ZDYH FOLPDWH DQG VFLHQWLILFPRGHOOLQJ WKURXJK WR
VKDULQJRILQQRYDWLRQVDQGLGHDV³*HQHUDODZDUHQHVVRIWKHYDULDELOLW\RIPRGHOVZRXOG
EH XVHIXO´ *ODGVWRQH :NVKS  6HSW  DQG ³3URDFWLYH VKDULQJ RI LQQRYDWLRQ
EHWZHHQSRUWVSHUKDSVWKURXJK3RUWV$XVWUDOLD´3RUW.HPEOD:NVKS6HSW
2QHRIWKHSRUWVQRWHGWKHYDOXHRIKDYLQJDPDQDJHPHQWWHDPWKDWFRXOGFUHDWLYHO\
SODQ IRU IXWXUHVFHQDULRV UHFRJQLVLQJ WKDW WKLVVNLOOQHHGHG WREHGHYHORSHGSHUKDSV
WKURXJKDQH[WHUQDOIDFLOLWDWRU

7KHUHZDVDOVRVRPHGLVFXVVLRQDERXW WKH IOH[LELOLW\RI WKHZRUNIRUFH WRPRYHZLWKLQ
UROHVZLWKLQ WHDPV$WDOOSRUWVGLVFXVVLRQDERXW WKLVZDVD OLWWOHFLUFXPVSHFWDV LW LV
JHQHUDOO\ D VXEMHFW RI HQWHUSULVH EDUJDLQLQJ QHJRWLDWLRQV DQG FDQ WKHUHIRUH EH
SHUFHLYHGDVDQ,QGXVWULDO5HODWLRQVLVVXHWKDWSHRSOHGLGQRWZLVKWRFRPPHQWRQ2QH
SRUWZDVZRUNLQJRQDVNLOOVOHYHOPDWUL[WRIDFLOLWDWHVRPHIOH[LELOLW\IRUWKHZRUNIRUFH

6HFWLRQ  RXWOLQHV SDUWLFXODU WUDLQLQJ GLUHFWLRQV WKDW FRXOG EH XQGHUWDNHQ WR KHOS
IDFLOLWDWHDFRUSRUDWHFXOWXUHFRQGXFLYH WRFOLPDWHFKDQJHDGDSWDWLRQDQG WRGHYHORS
WKHVNLOOVDQGNQRZOHGJHWRLPSURYHPDQDJHPHQWV\VWHPVLQFOXGLQJULVNPDQDJHPHQW
V\VWHPVWKDWH[SOLFLWO\DFFRXQWIRUFOLPDWHFKDQJH

(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

 RECOMMENDATIONS  FOR  TRAINING  ON  CLIMATE  
CHANGE  ADAPTATION  
 ,QWURGXFWLRQ
$ µKXPDQIRFXVHG¶ FRPSRQHQW RI:3ZDV WR LQYHVWLJDWH SRWHQWLDO WUDLQLQJ QHHGV LQ
UHVSRQVH WR H[WUHPHZHDWKHU HYHQWV  7KH UHVHDUFK GHWHUPLQHG WKDW WKH FDVH VWXG\
SRUWV¶ SURFHVVHVDQGSURFHGXUHVDGHTXDWHO\DGGUHVVHGPDQ\RI WKHH[WUHPHHYHQWV
WKH\ FXUUHQWO\ IDFH HYHQ WKRXJK WKH\ PD\ KDYH EHHQ GHYHORSHG LQ UHVSRQVH WR
H[WHUQDO UHJXODWRU\ VWLPXOL HQYLURQPHQWDO RU VDIHW\ RUPDUNHW LPSHUDWLYHV ORJLVWLFV
LQWHUUXSWLRQVUDWKHUWKDQDVDGLUHFWUHVSRQVHWRFOLPDWHFKDQJH+RZHYHUWKHUHZHUH
RSSRUWXQLWLHV WR LPSURYH WKH LQWHJUDWLRQ RI FOLPDWH FRQVLGHUDWLRQV LQWR PDQDJHPHQW
V\VWHPVWRFRSHZLWKIXWXUHLPSDFWV7KHUHVHDUFKDOVRGLVFRYHUHGWKDWH[HFXWLYHOHYHO
VXSSRUWZDVFUXFLDO IRUH[SOLFLWO\FRQVLGHULQJFOLPDWHDGDSWDWLRQDVSDUWDQGSDUFHORI
QRUPDOSODQQLQJDQGSUDFWLFHDQGWKDWWKLVVXSSRUWYDULHGDFURVVSRUWV
$VVXFKDNH\ILQGLQJDULVLQJIURPWKHHYDOXDWLRQZDVWKDW WKHJUHDWHVWRSSRUWXQLWLHV
IRU WUDLQLQJDURXQGFOLPDWHFKDQJHLVVXHVLQSRUWVZHUH OLNHO\WREHWKURXJKH[HFXWLYH
OHYHO DZDUHQHVV SURJUDPV DQG WUDLQLQJ WR LQWHJUDWH FOLPDWH FRQVLGHUDWLRQV LQWR
PDQDJHPHQW V\VWHPV DSURFHVVRI µPDLQVWUHDPLQJ¶ GHOLYHUHG WKURXJK LQGXVWU\DQG
SURIHVVLRQDODVVRFLDWLRQV
$VLQVHFWLRQ LQWHUYLHZHHVFLWHGLQWKLVVHFWLRQDUH LGHQWLILHGDFFRUGLQJWRWKHLUSRUW
DQGDOORFDWHGDQXPEHU*ODGVWRQH*ODGVWRQH6\GQH\3RUW3RUW.HPEOD
HWF
  'LVFXVVLRQ
7KURXJK WKH FRXUVH RI WKH LQWHUYLHZV ZLWK SRUW UHSUHVHQWDWLYHV LW HPHUJHG WKDW WKH
SRUWV DOUHDG\ KDYH D YDULHW\ RI V\VWHPV DQG SURFHVVHV LQ SODFH WR FRSH ZLWK DQG
PDQDJH WKH LPSDFWV RI H[WUHPH ZHDWKHU $OWKRXJK DFNQRZOHGJLQJ WKHUH LV DOZD\V
URRP IRU V\VWHP LPSURYHPHQW PDQDJHPHQW VWDII LQWHUYLHZHG ZHUH FRQILGHQW WKHVH
V\VWHPV DQG SURFHVVHV DGHTXDWHO\ DGGUHVVHG FXUUHQW GD\ H[WUHPH ZHDWKHU HYHQWV
DQG WKDW VSHFLILF WUDLQLQJ IRU PLWLJDWLQJ WKH LPSDFWV IURP H[WUHPH ZHDWKHU ZDV QRW
UHTXLUHG +RZHYHU WKH UHVHDUFK FRQFOXGHG WKDW ZKLOH VSHFLILF WUDLQLQJ RQ H[WUHPH
HYHQWVPD\QRWEHZDUUDQWHGWUDLQLQJRSSRUWXQLWLHVDUHDYDLODEOHWKDWZRXOGVWUHQJWKHQ
SRUWV¶DGDSWLYHFDSDFLW\DQGLPSURYHDGDSWDWLRQSODQQLQJ
$V%HUNKRXWQRWHVFOLPDWLFVWLPXOLDUHMXVWRQHRIPDQ\GULYHUVIRUFKDQJHWKDW
DQRUJDQLVDWLRQ IDFHV7KHSURFHVVHVDQGSURFHGXUHVGHYHORSHGE\ WKHSDUWLFLSDWLQJ
SRUWV WR GHDO ZLWK WKH LPSDFWV RI H[WUHPH ZHDWKHU ZHUH JHQHUDOO\ GHYHORSHG LQ
UHVSRQVH WR H[WHUQDO UHJXODWRU\ VWLPXOL HQYLURQPHQWDO RU VDIHW\ RU PDUNHW GULYHQ
VWLPXOLORJLVWLFVLQWHUUXSWLRQV5HSHWLWLRQRIWKHVHV\VWHPSURFHGXUHVRYHUWLPHDOORZV
WKHPWREHFRPHKDELWDQGLQHVVHQFHSDUWRIRUJDQLVDWLRQDOFXOWXUH
7KH SDUWLFXODU V\VWHPV DQG SURFHVVHV WKDW SURYLGH DQ RSHUDWLRQDO IUDPHZRUN IRU
GHDOLQJ ZLWK H[WUHPH ZHDWKHU HYHQWV DV LGHQWLILHG E\ WKH SRUWV LQFOXGH HQWHUSULVH
EDUJDLQLQJ DQG RFFXSDWLRQDO KHDOWK DQG VDIHW\ V\VWHPV HJ IDFLOLWDWLQJ WKH
GHYHORSPHQWRIJXLGHOLQHVWKDWHVWDEOLVKWKUHVKROGVWRDFWLYDWHµFHDVHZRUN¶SURFHGXUHV
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

GXULQJ H[WUHPHKHDW RU HQYLURQPHQWDOPDQDJHPHQW DQGPRQLWRULQJ IUDPHZRUNV WKDW
FRYHUHQYLURQPHQWDO OHJLVODWLYHUHTXLUHPHQWVFRQWULEXWLQJWRVXFKWKLQJVDVFRDOGXVW
VXSSUHVVLRQ PHDVXUHV GXULQJ ZLQG HYHQWV  (PHUJHQF\ UHVSRQVH DQG UHFRYHU\
SURFHGXUHV IRFXV RQ WKH SRUW¶V UHVSRQVH WR VRPH H[WUHPHZHDWKHU HYHQWV VXFK DV
VWRUPV F\FORQHV KHDY\ UDLQ DQG VWURQJ ZLQGV 6RPH RI WKHVH V\VWHPV KDG IRUPDO
GRFXPHQWDWLRQDURXQGVSHFLILF SURFHGXUHV IRUH[DPSOH F\FORQHSURFHGXUHV RWKHUV
ZHUHSDVVHGRQWKURXJKH[SHULHQWLDO OHDUQLQJDQGKDELW IRUH[DPSOHFRDOVWRFNSLOLQJ
WHFKQLTXHV*ODGVWRQH:NVKRS6HSW
,Q UHJDUG WR WKHVH H[LVWLQJ RSHUDWLRQDO V\VWHPV HQYLURQPHQWDO RFFXSDWLRQDO KHDOWK
DQGVDIHW\ULVNDQGHPHUJHQF\LWZDVGHWHUPLQHGWKHUHZDVVFRSHWRLQIOXHQFHWKHP
WR LPSURYH WKHLU FDSDFLW\ WRDGDSW WRD FKDQJLQJFOLPDWH LQHVVHQFHPDLQVWUHDPLQJ
FOLPDWHFKDQJHFRQVLGHUDWLRQVLQWRH[LVWLQJSROLFLHV$VSDUWRI LPSURYHPHQWRI WKHVH
V\VWHPV WKHSRUWVQRWHG WKHQHHG IRU LPSURYHG WUDFNLQJRI H[WUHPHZHDWKHUDW WKHLU
ORFDWLRQDQGEHWWHUXQGHUVWDQGLQJDQGDQDO\VLVRIKLVWRULFDOGDWD
7KH UHYLHZDQGXSGDWLQJRI WKHVHV\VWHPVZDVVWDWHGE\ WKHSRUWV WRKDSSHQRQDQ
RQJRLQJ UHJXODU EDVLV *ODGVWRQH IRU H[DPSOH PHQWLRQHG WKH\ DUH FRQWLQXDOO\
XSGDWLQJWKHLUSURFHVVHVVXFKDVUHYLHZLQJWKHF\FORQHSUHSDUHGQHVVSURFHGXUHVDQG
DOVR LPSURYLQJ WKHJHQHUDOFOHDQOLQHVVDURXQGWKHSRUW LQSUHSDUDWLRQIRU WKHZHDWKHU
DVVRFLDWHGZLWK QHDUE\ F\FORQHV VR WKH\ GRQ¶W KDYH WR XQGHUWDNH D ³PDG FOHDQXS´
*ODGVWRQH6HSWDVD F\FORQHDSSURDFKHV ,W LV LPSRUWDQW WRQRWH WKDW WKLV
XSGDWLQJ RU UHILQHPHQW RI RUJDQLVDWLRQDO V\VWHPV LV LQIOXHQFHG E\ WKH VNLOOV DQG
NQRZOHGJH RI WKH SHRSOH XQGHUWDNLQJ WKH XSGDWLQJ SURFHVV DQG WKH RUJDQLVDWLRQDO
FXOWXUHZLWKLQZKLFKWKH\ZRUN
:RUNVKRSSDUWLFLSDQWV QRWHG WKH SULPDU\ LPSRUWDQFHRI RUJDQLVDWLRQDO FXOWXUH GULYHQ
E\WKH&(2DQGH[HFXWLYH LQIDFLOLWDWLQJFOLPDWHDGDSWDWLRQDFWLRQ ³:HQHHGVXSSRUW
IURP WKH H[HFXWLYH´ 6\GQH\ 3RUW :NVKS  6HSW  DQG ³WKHUH QHHGV WR EH D
FXOWXUDO UHRULHQWDWLRQ >WR WKLQN DERXW FOLPDWH FKDQJH@ >+HUH@ LW LV YHU\ PXFK LQ WKH
RUJDQLVDWLRQ´3RUW.HPEOD:NVKS6HSW,WZDVIHOWWKLVLQIOXHQFHGLQQRYDWLRQ
WRZDUGV WHVWLQJDQGDGDSWLQJQHZDSSURDFKHV LQV\VWHPVDQGDOVRVXEWO\ LQIOXHQFHG
LQGLYLGXDO OHDUQLQJ DQG SURIHVVLRQDO GHYHORSPHQW  $GDSWDWLRQ OLWHUDWXUH VWUHVVHV WKH
LPSRUWDQFH RI OHDGHUVKLS LQ EXLOGLQJ DGDSWLYH FDSDFLW\ LQ RUJDQLVDWLRQV WR FOLPDWH
FKDQJH
:KHQ GLVFXVVLQJ WKH LQGLYLGXDO OHYHO RI VNLOOV DQG NQRZOHGJH WKH ILUVW TXHVWLRQ WKDW
QHHGV WR EH DGGUHVVHG LV ³ZKRVH VNLOOV DQG NQRZOHGJH"´ UHFRJQLVLQJ WKH UROHV DQG
UHVSRQVLELOLWLHVRIGLIIHUHQWPHPEHUVRIWKHZRUNIRUFH$VRXWOLQHGLQ6HFWLRQORRNLQJ
DW:RUNIRUFH$GDSWLYH&DSDFLW\WKHZRUNIRUFHDWSRUWVH[WHQGVIURPPDQDJHPHQWDQG
DGPLQLVWUDWLYHUROHVWRPDULQHDQGORJLVWLFVRSHUDWLRQVUROHV7KHVNLOOVDQGNQRZOHGJH
UHTXLUHPHQWV DUH YHU\ GLIIHUHQW DFURVV WKLV GLYHUVH ZRUNIRUFH )RU H[DPSOH D 3RUW
.HPEOD ZRUNVKRS SDUWLFLSDQW QRWHG WKDW SLORWV ZHUH DOUHDG\ XQGHUWDNLQJ WUDLQLQJ WR
QDYLJDWH VKLSV LQ FKRSSLHU PRUH VWRUP\ FRQGLWLRQV 7KHUHIRUH LQWHJUDWLQJ FOLPDWH
FKDQJHDGDSWDWLRQ WUDLQLQJ UHOHYDQW WRSDUWLFXODU MRE UROHVZRXOGEHVW RFFXU WKURXJK
SDUWLFXODU LQGXVWU\ DVVRFLDWLRQV DQG QHWZRUNV VXFK DV (QJLQHHUV $XVWUDOLD DQG WKH
0DLQWHQDQFH DQG 2SHUDWLRQV *URXS RI WKH $XVWUDOLDQ &RDO 7HUPLQDOV QHWZRUN 3RUW
.HPEOD:NVKRS6HSW*ODGVWRQH:NVKRS6HSW
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

$V D UHVXOW RI WKHVH LQWHUYLHZV DQG ZRUNVKRSV WKH UHVHDUFK GHWHUPLQHG WKDW
FRQGXFWLQJ WUDLQLQJ IRU H[WUHPH ZHDWKHU HYHQWV ZDV QRW ZDUUDQWHG DW WKLV WLPH
+RZHYHUDQXPEHURIRSSRUWXQLWLHVH[LVWWRLPSURYHWKHDZDUHQHVVRIFOLPDWHFKDQJH
LPSDFWV DW SRUWV WKURXJK GLIIHUHQW WUDLQLQJ DSSURDFKHV 7KHVH DUH RXWOLQHG LQ WKH
7UDLQLQJ5HFRPPHQGDWLRQVVHFWLRQEHORZ
 7UDLQLQJUHFRPPHQGDWLRQV
 ([HFXWLYH&OLPDWH5LVNDQG$GDSWDWLRQ$ZDUHQHVV
)RUFOLPDWHFKDQJHDGDSWDWLRQ WREHFRQVLGHUHG LQSRUWVVXSSRUW LVQHHGHG IURP WKH
H[HFXWLYH OHYHO PDQDJHPHQW 7KHUHIRUH PDQDJHPHQW QHHG WR KDYH D JRRG
XQGHUVWDQGLQJ QRW RQO\ RI FOLPDWH FKDQJH SHU VH EXW D JURXQGHG XQGHUVWDQGLQJ RI
FOLPDWH FKDQJH DV LW UHODWHV WR WKHLU LQGXVWU\ DQG SDUWLFXODUO\ WKHLU RUJDQLVDWLRQV
/RQVGDOH  7KH LPSRUWDQFH RI SHHUWRSHHU OHDUQLQJ LV DOVR UHOHYDQW IRU WKLV
WDUJHWDXGLHQFHUHFRJQLVLQJWKDWDGDSWDWLRQLVDOHDUQLQJSURFHVVDVLVWKHVRXUFHRI
WKHWUDLQLQJ
7KLV UHVHDUFK UHFRPPHQGV DQ H[HFXWLYH FOLPDWH ULVN DQG DGDSWDWLRQ DZDUHQHVV
SURJUDP EH GHYHORSHG VSHFLILFDOO\ WDUJHWLQJ H[HFXWLYH OHYHO PDQDJHPHQW DW SRUWV
GHOLYHUHG WKURXJK D UHFRJQLVHG DQG UHVSHFWHG LQGXVWU\ RUJDQLVDWLRQ VXFK DV 3RUWV
$XVWUDOLD
)XUWKHU HYDOXDWLRQ ZRXOG QHHG WR EH XQGHUWDNHQ VSHFLILFDOO\ HQJDJLQJ &(2¶V DQG
H[HFXWLYHPDQDJHPHQW WRGHWHUPLQHWKHSUHFLVHFRQWHQW WKDWZRXOGEHVW LQIRUPWKHLU
QHHGV+RZHYHUSUHOLPLQDU\GLVFXVVLRQVDWWKHSRUWVVXJJHVWDQ\WUDLQLQJQHHGVWREH
XQGHUSLQQHGE\DQHYLGHQFHEDVHGDSSURDFKWRLGHQWLI\LQJFXUUHQWDQGSRWHQWLDOIXWXUH
LPSDFWVDWSRUWV'XHWRWKHKLJKO\XQFHUWDLQQDWXUHRIIXWXUHFOLPDWHLPSDFWVWKHUHIRUH
SDUWLFXODUSRUWVSHFLILFLPSDFWVWKLVZLOOUHTXLUHIXUWKHUUHVHDUFKDQGGDWDJDWKHULQJRQ
H[LVWLQJLPSDFWVDWSRUWVWRGHYHORSDEXVLQHVVFDVHIRUDFWLRQ
6RPHLQFOXVLRQVLQDQH[HFXWLYHWUDLQLQJSURJUDPZRXOGEH
x 8QGHUVWDQGLQJRIWKHVFLHQFHLQFOXGLQJVXFKWKLQJVDVWKH,3&&VFHQDULRV
JOREDOFOLPDWHPRGHOVDQGXQFHUWDLQWLHV7KLVSURMHFWIRXQGTXLWHDKLJKOHYHORI
LQWHUHVWLQGLVFXVVLQJWKHVHWRSLFVGXULQJZRUNVKRSSUHVHQWDWLRQV
x &XUUHQWZHDWKHUE\UHOHYDQWSDUWLFLSDQWORFDWLRQDQGIXWXUHSURMHFWLRQV
&XUUHQWZHDWKHULQIRUPDWLRQVRXUFHGIURPORFDOREVHUYDWLRQVDQGWKH%XUHDXRI
0HWHRURORJ\ZRXOGKLJKOLJKWZHDWKHUYDULDEOHVRISDUWLFXODUORFDOLQWHUHVW7KHVH
PD\LQFOXGHLQWHQVHUDLQIDOOHYHQWVDYHUDJHPRQWKO\SUHFLSLWDWLRQDQG
WHPSHUDWXUHVH[WUHPHKHDWHYHQWVZLQGDQGVWRUPDFWLYLW\)XWXUHSURMHFWLRQV
ZRXOGEHGHULYHGIURP*OREDO&OLPDWH0RGHOVZLWKLQIRUPDWLRQVRXUFHGWKURXJK
WKH&6,52
x 3UHVHQWDWLRQRIDFFXPXODWHGSRUWLPSDFWGDWDERWKGLUHFWLPSDFWDQGLQGLUHFW
LPSDFWWKURXJKWKHVXSSO\FKDLQLQDYLVXDOHQJDJLQJPDQQHU,GHDOO\WKLV
LQIRUPDWLRQZRXOGEHUHJLRQDOO\UHOHYDQWSUHVHQWLQJWKHHQYLURQPHQWDODQG
VRFLDOLPSDFWVRIFOLPDWHHYHQWVDQGDVVRFLDWHGUHJXODWRU\LPSOLFDWLRQVEXW
SDUWLFXODUO\WUDQVODWLQJWKLVWREXVLQHVVFRVWVIRUSDUWLFLSDQWV7KLVSURMHFW
LGHQWLILHGWKDWLQWDQJLEOHLPSDFWVVXFKDVLQIOXHQFHVRQUHSXWDWLRQZHUHDQ
DVSHFWRIH[WUHPHZHDWKHUGHOD\VWKDWZHUHDFNQRZOHGJHGEXWQRWQHFHVVDULO\
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

PRQLWRUHG3UHVHQWLQJDJHQHULFEXVLQHVVFDVHIRUDGDSWDWLRQWRFOLPDWHFKDQJH
LVDNH\IHDWXUHRIWKLVWUDLQLQJSURJUDPZKLFKZRXOGLQFOXGHDQXQGHUVWDQGLQJ
RILPSDFWVRIFOLPDWHHYHQWV
x 'LVFXVVLRQRIPDUNHWDQGOHJLVODWLYHGULYHUVIRUDFWLRQRQFOLPDWHFKDQJH
JOREDOO\DQGUHJLRQDOO\
$Q\ EXVLQHVV FDVH ZLOO LQFOXGH PDUNHW DQG OHJLVODWLYH FRQVLGHUDWLRQV  ,Q D
JOREDOO\ FRPSHWLWLYHPDUNHW WKUHDWV WR VXSSO\ OLQHV DQG RSHUDWLRQ GLVUXSWLRQV
FRQWULEXWH WR FOLHQW DVVHVVPHQWV RI D SRUW 7KLV SURMHFW LGHQWLILHG WKDW FOLHQWV
VRXUFLQJ FRDO WKURXJK *ODGVWRQH GHFLGHG WR GLYHUVLI\ WKHLU FRDO VRXUFLQJ
LQWHUHVWVVXEVHTXHQWWRWKHGLVUXSWLYHUDLQV LQ4XHHQVODQGLQDQG
7KHGLVUXSWLRQWRWKHSRUW¶VFRDOVXSSO\OLQHFDXVHGE\WKHIORRGVSURYHGWREHD
VLJQLILFDQWIDFWRU
$OWKRXJKORFDOOHJLVODWLYHIUDPHZRUNVGRQRWUHTXLUHSRUWVWRFRPSOHWHDFOLPDWH
ULVN DVVHVVPHQW RWKHU MXULVGLFWLRQV DUH LPSOHPHQWLQJ WKLV UHJXODWLRQ ,W LV
FRQFHLYDEOH WKDW$XVWUDOLDZLOO LQWURGXFH WKLV UHTXLUHPHQWDW VRPHSRLQW LQ WKH
IXWXUH WKH8.&OLPDWH&KDQJH$FW IRU LQVWDQFHQRZUHTXLUHVDOOPDMRU
LQIUDVWUXFWXUHRZQHUV± LQFOXGLQJVHDSRUWV  WRUHSRUWRQ WKHLU ULVNDVVHVVPHQW
DFWLYLW\DQGSURSRVHGDGDSWDWLRQUHVSRQVHV
)URPDVWUDWHJLFSODQQLQJDQG ILQDQFLDO UHVSRQVLELOLW\ SHUVSHFWLYH WKRVHSRUWV
ZKRFDQGHPRQVWUDWH WKH\XQGHUVWDQG WKHLU FOLPDWH ULVNV DQGKDYHDSODQ LQ
SODFH WR DGGUHVV WKHP RYHU WKH VKRUW PHGLXP DQG ORQJWHUP ZLOO KDYH D
FRPSHWLWLYHDGYDQWDJH LQDFFHVVLQJ ILQDQFLDO SURGXFWV VXFKDV LQVXUDQFHDQG
FDQ GHPRQVWUDWH UHVSRQVLEOH VWUDWHJLF PDQDJHPHQW WR FOLHQWV DQG
JRYHUQPHQWV
x &RQVLGHUDWLRQRIWKHUDQJHRIDSSURDFKHVWRFOLPDWHULVNDVVHVVPHQWDQG
DGDSWDWLRQRSWLRQVXQGHUWDNHQLQSRUWVJOREDOO\
,QYHVWLJDWLQJDQGDVVHVVLQJFOLPDWHFRQVLGHUDWLRQVWKURXJKWKHULVNDVVHVVPHQW
OHQV LVDFRPPRQDSSURDFK WRXQGHUVWDQGLQJ WKHEXVLQHVV LPSDFWVRIFOLPDWH
FKDQJH +RZHYHU WKHUH DUH YDULDEOH DSSURDFKHV WKDW SRUWV PD\ WDNH
GHSHQGLQJ RQ WKHLU H[LVWLQJ ULVN DVVHVVPHQW DSSURDFKHV DQG WKHLU LQWHUQDO
FXOWXUH7KLVVHVVLRQZLOOH[SORUHVRPHFRPPRQDSSURDFKHVDQGLGHQWLI\EHVW
SUDFWLFHH[DPSOHV
$GDSWDWLRQ WR FOLPDWH FKDQJH LV FRQWH[W VSHFLILF KRZHYHU SUHVHQWLQJ SRUW
H[HFXWLYHV ZLWK D UDQJH RI DGDSWDWLRQ RSWLRQV XQGHUWDNHQ E\ RWKHU SRUWV ZLOO
KHOS JURXQG WKH WUDLQLQJ LQ UHDO DFWLRQDEOH LWHPV $Q RQOLQH SRUWDO RI ³EHVW
SUDFWLFH´FRXOGEHFRQVLGHUHGDQGWKLVPD\EHVRPHWKLQJ3RUWV$XVWUDOLDZRXOG
EHLQWHUHVWHGLQKRVWLQJ
 6WUDWHJLF)XWXUHV7UDLQLQJ
2QH RI WKH WRROV RIWHQ HPSOR\HG DV SDUW RI FOLPDWH DGDSWDWLRQ SODQQLQJ LV VFHQDULR
DQDO\VLV:KLOHPDQ\H[HFXWLYHVDQGPDQDJHUVDUHLQYROYHGLQIXWXUHSODQQLQJIRUWKHLU
RUJDQLVDWLRQV IHZKDYH WKHVNLOOV WRGHYHORSDQGDQDO\VHVFHQDULRV WKDWFRQVLGHU WKH
SRVVLEOH IXWXUH RSHUDWLQJ HQYLURQPHQWV IRU WKHLU RUJDQLVDWLRQV &RPSDQLHV VXFK DV
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

6KHOO KDYHSLRQHHUHG WKH VFHQDULRDSSURDFK WR LQIRUP WKHLU VWUDWHJLFSODQQLQJ 6KHOO
QG
7KH VXJJHVWHG LQFOXVLRQV IRU D VWUDWHJLF IXWXUHV WUDLQLQJ SURJUDP ZKLFK LQFOXGHV
FOLPDWH FRQVLGHUDWLRQV WDUJHWLQJ H[HFXWLYH VHQLRU DQGPLGGOHPDQDJHUV LQYROYHG LQ
SRUWSODQQLQJZRXOGEH
x 8QGHUVWDQGLQJVFHQDULRVDQGZK\WRXVHWKHPXVLQJWKH,3&&VFHQDULRVDV
DQRQJRLQJFDVHVWXG\WKURXJKWKHWUDLQLQJ
7KHPDLQSXUSRVHRIVFHQDULRV LVWRKHOSEXVLQHVVHVH[SORUHZKDWWKHLUIXWXUH
RSHUDWLQJ HQYLURQPHQW PLJKW ORRN OLNH DQG WKH FKDOOHQJHV DQG RSSRUWXQLWLHV
WKH\PLJKWIDFH0DQDJHUVFDQXVHVFHQDULRVWRH[SORUHLVVXHVDQGGULYHUVRI
FRQFHUQDQGFRQVLGHUKRZ WKH\PLJKWSUHSDUH WKHLUEXVLQHVVHV WR IDFH WKHVH
XQFHUWDLQIXWXUHV
7KLV VHVVLRQZLOO LQFOXGH LQIRUPDWLRQ RQ WKH ,3&&VFHQDULRV DQGGUDZRQ WKH
PHWKRGRORJLHVXVHGIRUVFHQDULRVUHVHDUFKXQGHUWDNHQE\WKH9LFWRULDQ&HQWUH
IRU&OLPDWH&KDQJH$GDSWDWLRQ5HVHDUFK
x 8QGHUVWDQGLQJWKHDVVXPSWLRQVLQKHUHQWLQVFHQDULRV
$OOVFHQDULRVDUHXQGHUSLQQHGE\DVVXPSWLRQVWKDWFDQVRPHWLPHVJHWORVWODWHU
ZKHQ VFHQDULRV DUH XVHG LQ VWUDWHJLF SODQQLQJ H[HUFLVHV 7KLV HOHPHQW
DGGUHVVHV WKLV LVVXH DQG KHOSV SDUWLFLSDQWV H[SORUH VRPH XQGHUO\LQJ
DVVXPSWLRQVWKDWPD\EHSHUWLQHQWWRWKHSRUWVHFWRU
x 5HFRJQLVLQJXQFHUWDLQW\FRQIOLFWVDQGGLOHPPDV
0DQ\PDQDJHUVXVHWKHH[FXVHRIWKHXQFHUWDLQW\DURXQGFOLPDWHSURMHFWLRQVWR
GHOD\DFWLRQKRZHYHUPDQDJHUVPDNHGHFLVLRQVLQFRQGLWLRQVRIXQFHUWDLQW\DOO
WKH WLPH WKH\ PD\ MXVW EH D OLWWOH PRUH FRPIRUWDEOH ZLWK WKHVH XQFHUWDLQ
HOHPHQWV6FHQDULRSODQQLQJUHFRJQLVHVXQFHUWDLQW\DQGGLIIHUHQWYLHZVZKLFK
PD\OHDGWRFRQIOLFWVDQGGLOHPPDV7KLVHOHPHQWZLOOH[SORUHWKHVHDQGKRZWR
DGGUHVVWKHPWKURXJKWKHVFHQDULRSURFHVV
x 2SHUDWLRQDODVSHFWVRISODQQLQJWKHVFHQDULRSURMHFWGHWHUPLQLQJVFRSH
DVVLJQLQJUHVSRQVLELOLWLHVUHVHDUFKWREHXQGHUWDNHQ
6FHQDULR EXLOGLQJ LV D FRPSOH[ H[HUFLVH WKDW QHHGV PRUH WKDQ MXVW EULQJLQJ
SHRSOH WRJHWKHU LQ RQH URRP WR GLVFXVV WKH SRVVLEOH IXWXUH 7KLV VHVVLRQZLOO
KHOSSDUWLFLSDQWVFRQVLGHUVRPHRIWKHHOHPHQWVWKDWQHHGWRJRLQWRSUHSDULQJ
DQRUJDQLVDWLRQIRUDVFHQDULREXLOGLQJH[HUFLVH
x %XLOGLQJVFHQDULRV
,GHDOO\ WKLV VHVVLRQ ZLOO SURYLGHPDQDJHUV ZLWK VNLOOV WR OHDG DQG HIIHFWLYHO\
SDUWLFLSDWHLQDVFHQDULREXLOGLQJH[HUFLVH
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

x ,QWHUSUHWLQJVFHQDULRVIRULQFOXVLRQLQVWUDWHJLFSODQQLQJIRUSRUWV
)LQDOO\XQGHUVWDQGLQJKRZWRXVHVFHQDULRVLQVWUDWHJLFSODQQLQJLQDQRQJRLQJ
PDQQHU UHTXLUHV D VKLIW LQ WKLQNLQJ IRU PDQ\ PDQDJHUV 7KLV VHVVLRQ ZLOO
SUHVHQWWRROVDQGWHFKQLTXHVWRDVVLVWPDQDJHUVJDLQVXSSRUWDQGFRPPLWPHQW
WRXWLOLVLQJVFHQDULRVLQSODQQLQJSURFHVVHVDQGGHPRQVWUDWHKRZWKH\FDQEH
XVHG

 6\VWHPVDQG&OLPDWH,QWHJUDWLRQ±7UDLQLQJRQKRZWRDGDSW
V\VWHPVIRUFOLPDWHFKDQJH
$VQRWHGLQWKH'LVFXVVLRQVHFWLRQPRVWUHVSRQVHVWRH[WUHPHZHDWKHUHYHQWVRFFXU
ZLWKLQ WKH IUDPHZRUN RI D PDQDJHPHQW V\VWHP VXFK DV ULVN RU HPHUJHQF\
PDQDJHPHQW  'HYHORSLQJ WKH VNLOOV DQG NQRZOHGJH WR XSGDWH DQG LPSURYH WKHVH
V\VWHPV WR WDNH FOLPDWH FRQVLGHUDWLRQV LQWR DFFRXQW LV WKHUHIRUH D NH\ WUDLQLQJ
RSSRUWXQLW\IRUSRUWV
3HUVRQQHO ZKR PDQDJH WKH IROORZLQJ V\VWHPV ZRXOG EH WDUJHWHG WR LPSURYH WKHLU
NQRZOHGJH DQG DZDUHQHVV RI FOLPDWH FKDQJH DQG SURYLGHG ZLWK WKH JXLGDQFH WR
LQWHJUDWHFOLPDWHFKDQJHLQWRWKHVHV\VWHPV
x 5LVNPDQDJHPHQW
x (06
x 2+6
x (PHUJHQF\0DQDJHPHQW
6RPHLQFOXVLRQVLQDV\VWHPVDQGFOLPDWHLQWHJUDWLRQSURJUDPZRXOGEH
x 8QGHUVWDQGLQJRIWKHVFLHQFH±,3&&VFHQDULRVJOREDOFOLPDWHPRGHOVDQG
XQFHUWDLQWLHV

x &XUUHQWZHDWKHUE\UHOHYDQWSDUWLFLSDQWORFDWLRQLISRVVLEOHDQGIXWXUH
SURMHFWLRQV&XUUHQWZHDWKHULQIRUPDWLRQVRXUFHGIURPORFDOREVHUYDWLRQVDQG
WKH%XUHDXRI0HWHRURORJ\DQGIXWXUHSURMHFWLRQVZRXOGEHVRXUFHGWKURXJKWKH
&6,523OHDVHUHIHUWRWKH([HFXWLYH5LVNDQG&OLPDWH$ZDUHQHVVIRUPRUH
GHWDLO


x 3UHVHQWDWLRQRIDFFXPXODWHGSRUWLPSDFWGDWDUHOHYDQWIRUWKHSDUWLFXODU
V\VWHPWKDWLVHQYLURQPHQWDOLPSDFWVVDIHW\LPSDFWVDQGHPHUJHQF\LPSDFWV
)RUH[DPSOHKHDY\UDLQVPD\OHDGWRLQFUHDVHGFRQWDPLQDWHGZDWHURXWIORZ
IURPWKHVLWHRULQFUHDVHGWHPSHUDWXUHVPD\OHDGWRLQFUHDVHGFRROLQJDQGDLU
FRQGLWLRQLQJUHTXLUHPHQWVOHDGLQJWRLQFUHDVHGJUHHQKRXVHJDVHPLVVLRQV
6DIHW\LPSDFWVPD\LQFOXGHLQFLGHQFHRIKHDWVWURNHLQKLJKHUWHPSHUDWXUHVDQG
VOLSSLQJLQFLGHQWVUHODWHGWRUDLQHYHQWV

x 5HOHYDQWFXUUHQWDQGSRWHQWLDOOHJLVODWLYHGULYHUV
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

7KLV SURMHFW UHFRJQLVHG WKDW GULYHUV IRU V\VWHP FKDQJH FRPH IURP ERWK
UHJXODWRU\DQGPDUNHW LPSHUDWLYHV0DQDJHPHQWV\VWHPVQHHGWRXQGHUVWDQG
DQG HPEHG OHJLVODWHG PLQLPXP VWDQGDUGV 7KLV HOHPHQW ZLOO ORRN DW FXUUHQW
OHJLVODWHG UHTXLUHPHQWV EXW DOVR ORRN DW ZKDW KDV EHHQ LQWURGXFHG LQ
MXULVGLFWLRQV RYHUVHDV DV WKLV PD\ SURYLGH DQ LQGLFDWLRQ RI ZKDW LV RQ WKH
KRUL]RQ IRU $XVWUDOLD )RU H[DPSOH FXUUHQWO\ $XVWUDOLDQ SRUWV GR QRW QHHG WR
SUHSDUHDQ$GDSWDWLRQ6WUDWHJ\KRZHYHUDVSUHYLRXVO\QRWHG WKLV LVD UHFHQW
UHJXODWHGUHTXLUHPHQWLQWKH8.
3RUWV DUH VXVFHSWLEOH WR UHJXODWLRQV EHLQJ LPSRVHG WKURXJK FRPPXQLW\
FRQFHUQVDQGDFWLRQ7KLVHOHPHQWZLOOH[SORUHVRPHRIWKHFRQFHUQVHPHUJLQJ
LQ FRPPXQLWLHV DURXQG SRUWV LQ $XVWUDOLD 'XVW QRLVH DQG ZDVWH ZDWHU
GLVFKDUJHDUHWKUHHFRPPRQHQYLURQPHQWDOFRQFHUQVDOUHDG\EHLQJPRQLWRUHG
E\JRYHUQPHQWDQGFRPPXQLWLHV
x &RQVLGHUDWLRQRIWKHUDQJHRIDGDSWDWLRQRSWLRQVXQGHUWDNHQLQSRUWVJOREDOO\
WKDWDUHUHOHYDQWWRWKHSDUWLFXODUV\VWHPV
$GDSWDWLRQWRFOLPDWHFKDQJHLVKLJKO\FRQWH[WVSHFLILFKRZHYHUDUHYLHZDQG
DVVHVVPHQW RI DGDSWDWLRQ RSWLRQV WKDW KDYHEHHQ LPSOHPHQWHG LQ RWKHUSRUWV
ORFDOO\DQGRYHUVHDVZLOOSURYLGHDQRSSRUWXQLW\WRJURXQGWKHWUDLQLQJLQUHDO
IXWXUHDFWLRQVWKDWPD\EHRIUHOHYDQFHWRSDUWLFLSDQWV7KHDGDSWDWLRQRSWLRQV
VHOHFWHG ZLOO EH UHOHYDQW IRU WKH SDUWLFXODU V\VWHP EHLQJ DGGUHVVHG WKDW LV
HQYLURQPHQWDO2+6RUHPHUJHQF\
x *XLGDQFHWRPRGLI\V\VWHPSROLFLHVGRFXPHQWVDQGFRPPXQLFDWLRQVDVWKH
UHOHYDQWV\VWHPVUHTXLUHWRLQFRUSRUDWHFOLPDWHFRQVLGHUDWLRQV
7KLV HOHPHQW ZLOO ORRN DW HDFK RI WKH V\VWHP HOHPHQWV LQ WXUQ WKDW LV WKH
RYHUDUFKLQJ SROLFLHV HPEHGGHG WDUJHWV VWUDWHJLHV SURFHGXUHV GRFXPHQWV
WUDLQLQJDQGFRPPXQLFDWLRQVHOHPHQWVDQGVXJJHVWKRZFOLPDWHFRQVLGHUDWLRQV
FDQEHHPEHGGHGWREHURXWLQHO\FRQVLGHUHGLQWKHPDQDJHPHQWV\VWHP
7KHULVNPDQDJHPHQWWUDLQLQJPD\QHHGWREHDOLWWOHGLIIHUHQWDVWKHUHDUHHPHUJLQJ
SDUWLFXODUSURFHVVHVDQGWHFKQLTXHVIRUXQGHUWDNLQJFOLPDWHULVNDVVHVVPHQWVDWSRUWV
7KH VXJJHVWHG LQFOXVLRQV IRU D FOLPDWH ULVN WUDLQLQJ SURJUDP WDUJHWLQJ SRUW ULVN
SHUVRQQHOZLWKDEDFNJURXQGLQULVNPDQDJHPHQWZRXOGEH

x 8QGHUVWDQGLQJRIWKHVFLHQFH±,3&&VFHQDULRVJOREDOFOLPDWHPRGHOVDQG
XQFHUWDLQWLHVEDVLFFOLPDWHFKDQJHVFLHQFHDVLGHQWLILHGHDUOLHU

x 8QGHUVWDQGLQJVFHQDULRVHOHFWLRQ
7KLV ZRXOG QRW EH D IXOO ³VFHQDULR WUDLQLQJ´ VHVVLRQ DV RXWOLQHG HDUOLHU
KRZHYHU LWZRXOGH[SODLQZK\WKHGLIIHUHQWFOLPDWHVFHQDULRVDUH LPSRUWDQWIRU
WKHULVNPDQDJHPHQWSURFHVV

)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

x &XUUHQWZHDWKHUE\UHOHYDQWSDUWLFLSDQWORFDWLRQLISRVVLEOHDQGIXWXUH
SURMHFWLRQV2QHDSSURDFKWRFOLPDWHULVNDVVHVVPHQWORRNVDWFXUUHQW
YXOQHUDELOLW\WRFOLPDWHYDULDEOHVVXFKDVLQWHQVHUDLQVWRUPVDQGKHDWZDYH
8QGHUVWDQGLQJFXUUHQWZHDWKHUYDULDELOLW\LVWKHUHIRUHLPSRUWDQW6RPHSRUWVZLOO
DOUHDG\EHFROOHFWLQJWKLVLQIRUPDWLRQZKLOVWRWKHUVPD\QHHGWRVRXUFHLWIURP
UHSXWDEOHDXWKRULWLHVVXFKDVWKH%XUHDXRI0HWHRURORJ\
2QFHDIXWXUHVFHQDULRKDVEHHQVHOHFWHGSDUWLFLSDQWVLQWKLVSURJUDPZLOOWKHQ
EH VKRZQ KRZ WR DFFHVV DQG LQWHUSUHW UHOHYDQW FOLPDWH LQIRUPDWLRQ IRU WKHLU
UHJLRQ:LWK WKLVZLOO FRPHDQ XQGHUVWDQGLQJ RI WKH OLPLWDWLRQV RI GRZQVFDOHG
FOLPDWHPRGHOVDQGWKHSRWHQWLDOYDULDELOLW\EHWZHHQFOLPDWHPRGHOV+RZHYHU
WKH\ ZLOO EH DEOH WR FRQILGHQWO\ XVH WKH YDU\LQJ IXWXUH FOLPDWH SURMHFWLRQV IRU
WKHLUULVNDVVHVVPHQWSXUSRVHV

x )XWXUHVRFLRHFRQRPLFFRQGLWLRQV
)XWXUH FOLPDWH VFHQDULRV DUH RQO\ RQH IDFWRU WKDW QHHGV WR EH FRQVLGHUHG DV
SDUW RI D IXWXUH FOLPDWH ULVN DVVHVVPHQW 3RUWV QHHG WR DOVR FRQVLGHU RWKHU
HOHPHQWV RI WKHLU IXWXUH RSHUDWLQJ HQYLURQPHQW VXFK DV SRSXODWLRQ JURZWK
WUDGHDQGLQIUDVWUXFWXUHWUHQGVDQGH[SHFWDWLRQV7KLVHOHPHQWZLOOORRNDWZKDW
WKH LPSRUWDQWVRFLRHFRQRPLFDQGGHYHORSPHQWGULYHUVPD\EH IRU SRUWV DQG
ZKHUHDQGKRZWRDFFHVVWKLVLQIRUPDWLRQIRUIXWXUHDVVHVVPHQWV

x 8QGHUVWDQGLQJKRZWRLGHQWLI\DQGHYDOXDWHFOLPDWHYXOQHUDELOLW\DQGFOLPDWH
ULVN7KLVLQYROYHVFRQVLGHUDWLRQRIFKDQJHVWRFOLPDWHYDULDEOHVWKHLU
DVVRFLDWHGGLUHFWDQGLQGLUHFWLPSDFWVDQGWKHULVNVWKHVHSRVHIRUWKH
RUJDQLVDWLRQ
3DUWLFLSDQWV LQ WKLV WUDLQLQJ SURJUDP ZLOO EH WDNHQ WKURXJK D K\EULG FOLPDWH
YXOQHUDELOLW\ULVN DVVHVVPHQW SURFHVV EDVHG RQ WKH ,62  5LVN
0DQDJHPHQW6WDQGDUG5LVNSHUVRQQHOZLOOEHIDPLOLDUZLWKWKLVVWDQGDUGDQG
PRVW HOHPHQWV RI WKH DSSURDFK VR WKH IRFXV ZLOO EH RQ HPEHGGLQJ FOLPDWH
FRQVLGHUDWLRQVZLWKLQWKHVWHSVRI
 &RQWH[WVHWWLQJ&XUUHQWDQG)XWXUH
 &XUUHQWYXOQHUDELOLW\LGHQWLILFDWLRQ
 )XWXUHULVNLGHQWLILFDWLRQ
 5LVNDQDO\VLVIRUFXUUHQWYXOQHUDELOLWLHVDQGIXWXUHULVNV
 5LVNHYDOXDWLRQIRUFXUUHQWDQGIXWXUHULVNV
 5LVNPLWLJDWLRQ$GDSWDWLRQRSWLRQLGHQWLILFDWLRQ

x (YDOXDWLQJFOLPDWHULVNVDORQJVLGHRWKHURUJDQLVDWLRQDOULVNV
5HFRJQLVLQJWKHFOLPDWHULVNVDUHMXVWRQHW\SHRIULVNIDFHGE\SRUWVLWZLOOEH
LPSRUWDQWIRUSRUWSHUVRQQHOWRHYDOXDWHFOLPDWHULVNVDORQJVLGHRWKHUHPHUJLQJ
ULVNV IRUSRUWV7KHNH\HOHPHQWKHUH LV WRHQVXUH WKDWFRQWH[WSDUDPHWHUV IRU
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

WKHULVNDVVHVVPHQWVDUHFRPSDUDEOHEHWZHHQEURDGRUJDQLVDWLRQDOULVNVDQG
FOLPDWHULVNV

x 3ULRULWLVLQJFOLPDWHDGDSWDWLRQRSWLRQV
$GDSWDWLRQ RSWLRQV LGHQWLILHG WKURXJK WKH FOLPDWH YXOQHUDELOLW\ULVN DVVHVVPHQW
SURFHVVQHHGWREHSULRULWLVHGLQOLQHZLWKRWKHURUJDQLVDWLRQDOULVNV7KHPRVW
FRPPRQO\ IDYRXUHGDSSURDFKIRUSULRULWLVLQJRSWLRQV LVDFRVWEHQHILWDQDO\VLV
+RZHYHU WKLV DSSURDFK QHHGV WR EH DEOH WR IDFWRU LQ VRPH NH\ SULQFLSOHV RI
DGDSWDWLRQWKDWLV
 &RQVLGHU³ORZUHJUHWV´VROXWLRQVWKDWHQKDQFHFREHQHILWV±WKDWLVQRWRQO\
GRWKH\DGGUHVVFOLPDWHULVNVEXWSHUKDSVDGGUHVVRWKHUULVNVRU
RSSRUWXQLWLHVDOVRRIWHQZLWKPLQLPXPFRVW
 $YRLGPDODGDSWDWLRQ±WKDWLVDFWLRQVWKDWOLPLWIXWXUHDGDSWDWLRQRSWLRQV
 6WDUWZLWKPLQLPLVLQJYXOQHUDELOLWLHVWRFXUUHQWZHDWKHUYDULDELOLW\8.&,3

 *HQHUDO$ZDUHQHVVRI3RWHQWLDO&OLPDWH,PSDFWV
)RU WKRVH SRUWVZKHUH WKH H[HFXWLYH LV SURDFWLYHO\ GULYLQJ D FRQVLGHUDWLRQ RI FOLPDWH
FKDQJH DQG LWV SRWHQWLDO LPSDFWV RQ SRUW RSHUDWLRQV D PRUH JHQHULF WUDLQLQJ IRU
PDQDJHPHQW DGPLQLVWUDWLYH DQG IURQWOLQH VWDII ZRXOG EH DSSURSULDWH 7KLV WUDLQLQJ
ZRXOG DLP WR LQFUHDVH WKH DZDUHQHVV DQG XQGHUVWDQGLQJ RI FOLPDWH FKDQJH DQG LWV
LPSDFWV JHQHUDOO\ ,W ZLOO DOVR DVVLVW SRUW VWDII WR LGHQWLI\ WKH OLNHO\ LPSDFW RI FOLPDWH
FKDQJH LQ GLIIHUHQW DUHDV RI WKH EXVLQHVV DQG WKH DYDLODEOH DGDSWDWLRQ RSWLRQV7KH
REMHFWLYHRIWKLVWUDLQLQJLVWRDVVLVWVWDIIJURXQGWKHFRQFHSWRIFOLPDWHFKDQJHLQWKHLU
RZQ UHDOLW\ UDWKHU WKDQ LW EHLQJ D WKHRUHWLFDO UHPRYHG FRQFHSW $GGLWLRQDOO\ WKRVH
ZRUNLQJ RXWVLGH DW SRUWV DUH PRUH H[SRVHG WR FKDQJHV LQ ZHDWKHU DQG KDYH PRUH
SUDFWLFDOH[SHULHQFHRIFKDQJLQJSUDFWLFH WRDGDSW(QVXULQJVXSSRUWLYHSURFHVVHV WR
DOORZ IHHGEDFN LQWR DGDSWDWLRQ SODQQLQJ DQG LPSOHPHQWDWLRQ ZLOO DGG YDOXH WR WKLV
WUDLQLQJ
$JHQHUDO DZDUHQHVV RI SRWHQWLDO FOLPDWH LPSDFWV SURJUDPZRXOG EH GHOLYHUHG LQ DQ
LQWHUDFWLYHZRUNVKRSIRUPDWDQGFRXOGLQFOXGH

x 8QGHUVWDQGLQJRIWKHVFLHQFH±,3&&VFHQDULRVJOREDOFOLPDWHPRGHOVDQG
XQFHUWDLQWLHVEDVLFFOLPDWHVFLHQFHDVRXWOLQHGHDUOLHU

x 5HFROOHFWLRQVRIFXUUHQWZHDWKHUDQGH[WUHPHZHDWKHUHYHQWVDORQJZLWK
DVVRFLDWHGEXVLQHVVLPSDFWVDQGWKHUHVSRQVHWRWKHVHLPSDFWV
7KLV VHVVLRQ ZRXOG EH GHOLYHUHG LQ DQ LQWHUDFWLYH ZRUNVKRS IRUPDW WR
HQFRXUDJHGLVFXVVLRQDQGFRQVLGHUDWLRQRIDEURDGUDQJHRIH[WUHPHZHDWKHU
LPSDFWV ,WHQDEOHVSDUWLFLSDQWVWRVHHKRZGLIIHUHQWDUHDVRIWKHEXVLQHVVDUH
DIIHFWHG DQG PD\ DVVLVW WKHP UHIOHFW PRUH GHHSO\ RQ KRZ WKHLU ZRUN DUHDV
KDYHEHHQLPSDFWHG

)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

x 8QGHUVWDQGLQJIXWXUHZHDWKHUSURMHFWLRQVE\ORFDWLRQLISRVVLEOH
7KLVZLOO SURYLGH DQ RYHUYLHZRI WKH OLNHO\ FKDQJHV LQZHDWKHU WKHLU SDUWLFXODU
SRUWZLOOIDFH)ROORZLQJRQIURPWKH³XQGHUVWDQGLQJWKHVFLHQFH´HOHPHQWLWZLOO
GLVFXVVWKHXQFHUWDLQWLHVLQKHUHQWLQGHWHUPLQLQJIXWXUHZHDWKHUSURMHFWLRQVEXW
VWLOOSURYLGHVRPHORFDOLVHGHOHPHQWVIRUFRQVLGHUDWLRQ

x ,GHQWLI\LQJDQGXQGHUVWDQGLQJLPSDFWVRQSRUWVIXWXUHEXVLQHVV
7KLV HOHPHQW ZLOO EH ERWK D FUHDWLYH VHVVLRQ ZKHUH SDUWLFLSDQWV ZLOO EH
HQFRXUDJHG WR LGHQWLI\ OLNHO\ FOLPDWH LPSDFWV UHOHYDQW WR WKHLU SDUWLFXODU SRUWV
EXWDOVRZLOOLQFOXGHH[DPSOHVRIOLNHO\LPSDFWVDWRWKHUSRUWVDURXQGWKHJOREH
WRVWLPXODWHGLVFXVVLRQRIQRQOLQHDULPSDFWV

x ,GHQWLI\LQJDGDSWDWLRQRSWLRQV
7RDYRLGWUDLQLQJSDUWLFLSDQWVOHDYLQJDZRUNVKRSIHHOLQJRYHUZKHOPHGWKLVILQDO
VHVVLRQZLOOKHOSHPSRZHUSDUWLFLSDQWVWRLGHQWLI\SRVVLEOHDGDSWDWLRQRSWLRQVDW
WKHLU SRUWV:H HQYLVDJH WKDW DW WKH HQG RI WKH VHVVLRQ HDFK SRUW ZLOO KDYH
SUHSDUHG D VXPPDU\ GRFXPHQW WKDW RXWOLQHV NH\ IXWXUH FOLPDWH YDULDEOHV
DVVRFLDWHGLPSDFWVDQGDGDSWDWLRQRSWLRQV7KLVFUHDWHVDVWURQJ³WDNHDZD\´
PHVVDJH DQG WDQJLEOH RXWSXW IRU SDUWLFLSDQWV DQG RSSRUWXQLW\ WR LQIRUP
DGDSWDWLRQVWUDWHJLHVIRUWKHSRUWGUDZLQJRQPXOWLSOHVRXUFHVRINQRZOHGJH
 6XPPDU\
3RUWV ZRUN LQ D KLJKO\ FRPSHWLWLYH HQYLURQPHQW ZKHUH WKH ULVNV SRVHG E\ FOLPDWH
FKDQJHLPSDFWVDUHMXVWRQHRIPDQ\H[WHUQDOSUHVVXUHVWKH\PXVWIDFH)RUDWWHQWLRQ
WR EH SDLG WR FOLPDWH FKDQJH LVVXHV &(2¶V DQG H[HFXWLYH PDQDJHPHQW QHHG WR
XQGHUVWDQGWKHLPSRUWDQFHRIFOLPDWHFKDQJHWRWKHLUEXVLQHVV$QDZDUHQHVVWUDLQLQJ
SURJUDPWDUJHWHGWRH[HFXWLYHVWDIIZRXOGEHDQDSSURSULDWHILUVWVWHSWRLPSURYLQJWKH
DGDSWLYHFDSDFLW\RI$XVWUDOLDQSRUWV5HFRJQLVLQJWKDWPDQ\RIWKHLPSDFWVWRSRUWVRI
H[WUHPH ZHDWKHU DUH GHDOW ZLWK WKURXJK H[LVWLQJ PDQDJHPHQW V\VWHPV WUDLQLQJ
IRFXVHGRQEXLOGLQJFOLPDWHFKDQJHFDSDFLW\LQWRH[LVWLQJPDQDJHPHQWV\VWHPVVXFK
DV HPHUJHQF\ ULVN HQYLURQPHQWDO DQG RFFXSDWLRQDO KHDOWK DQG VDIHW\ V\VWHPV LV
UHFRPPHQGHG
$GGLWLRQDOWUDLQLQJIRFXVLQJRQEXLOGLQJPDQDJHPHQWFDSDFLW\WRGHYHORSDQDO\VHDQG
XVHVFHQDULRVUHOHYDQWWRWKHLUEXVLQHVVHVZDVDOVRLGHQWLILHG$OWKRXJKWKLVLVEURDGHU
WKDQ MXVW FOLPDWH FKDQJH WUDLQLQJ :3 VXJJHVW WKH VFHQDULR WUDLQLQJ EH JHDUHG WR
IRFXVRQWKHLQFOXVLRQRIIXWXUHFOLPDWHFRQVLGHUDWLRQVDVZHOODVRWKHUUHOHYDQWVRFLR
HFRQRPLFWUDGHDQGSROLWLFDOHOHPHQWV
)LQDOO\ DOWKRXJK WKHUHZDVQRWD ODUJHDSSHWLWH LGHQWLILHG IRUJHQHULF FOLPDWH FKDQJH
WUDLQLQJLWUHPDLQVDSRVVLEOHWUDLQLQJDSSURDFKWRKHOSJURXQGFOLPDWHFKDQJHIRUVWDII
7KDWLVIRULWWREHEURXJKWGRZQWRDORFDOEXVLQHVVLPSDFWVFRQVLGHUDWLRQVRWKDWLWLV
QRW D UHPRWH WKHRUHWLFDO FRQFHSW DQG DQ RSSRUWXQLW\ WR FRQWULEXWH WKHLU SHUVRQDO
H[SHULHQFHDQGH[SHUWLVH
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

 CONCLUSION  
7KLV UHSRUW SUHVHQWHG WKH GHYHORSPHQW RI D WUDQVIHUDEOH UHVHDUFK PHWKRGRORJ\ WR
DVVHVV WKHYXOQHUDELOLW\RIFRUHSRUWRSHUDWLRQVDQG ORJLVWLFV LQIUDVWUXFWXUH WRH[WUHPH
ZHDWKHUHYHQWVDQGULVLQJVHDOHYHOVLQWKHFRQWH[WRI$XVWUDOLDQSRUWV:3H[DPLQHG
WKH SRWHQWLDO LPSOLFDWLRQV RI H[WUHPH HYHQWV IRU SRUWV WKH SUHSDUHGQHVV RI SRUW
DXWKRULWLHV WR FKDQJHV WKDW DUH SHUFHLYHG DV GHWULPHQWDO WR SRUW RSHUDWLRQV DQG WKH
DSSURDFKHV WKDW DUH QHFHVVDU\ WR HQKDQFH WKH UHVLOLHQFH RI VHDSRUWV WR D FKDQJLQJ
FOLPDWH
 7KHDSSURDFK
$V\VWHPDWLFDSSURDFKWRSRUWVHOHFWLRQZDVDGRSWHGSURMHFWZLGHWRHQVXUHWKDWD
UDQJHRISRUWRSHUDWLRQVDFURVVWKH$XVWUDOLDQSRUWVDQGDGLYHUVLW\RIJHRJUDSKLFDQG
FOLPDWLFFRQGLWLRQVZHUHEHVWUHSUHVHQWHG0HHWLQJWKHVHFULWHULDWKHSRUWDXWKRULWLHV
VHOHFWHGIRUWKHSURMHFWZHUH
x *ODGVWRQH3RUWV&RUSRUDWLRQ
x 3RUW.HPEOD3RUW&RUSRUDWLRQ
x 6\GQH\3RUW&RUSRUDWLRQ
$OO WKUHHSRUWVRIIHUHGGLIIHUHQWZRUNFRQWH[WV LQUHODWLRQ WR WKHFDUJRHVWKH\SURFHVV
WKHHTXLSPHQWWKH\XVHDQGWKHFRUHVNLOOVWKH\HPSOR\

'DWDIRU:3ZDVFROOHFWHGDQGFROODWHGWKURXJKDQXPEHURIVRXUFHVWKDWHPSOR\HGD
YDULHW\RIPHWKRGV'UDZLQJRQKLJK UHVROXWLRQ/L'$5DQGDHULDO LPDJHU\GDWDEDVHV
FRXSOHG ZLWK GDWD FROOHFWHG WKURXJK ILHOG VXUYH\V D *,6 EDVHG DVVHW UHJLVWHU ZDV
GHYHORSHG IRURQHSRUW ORFDWLRQ7KLVSURYLGHGDQ LQQRYDWLYH'DQG'FDSDELOLW\ WR
YLVXDOLVHWKHSRUWDVVHWVDQGWKHLUSHUFHLYHGYXOQHUDELOLW\WRVHDOHYHOULVH

$QDVVHVVPHQWRIWKHSHUFHSWLRQRIYXOQHUDELOLW\DQGWKUHDWVWRSRUWDVVHWVDQGORJLVWLFV
RSHUDWLRQV DFURVV NH\ DUHDV RI VHDVLGH VHDODQG LQWHUIDFH DQG ODQGVLGH ZDV
XQGHUWDNHQXVLQJDVXUYH\TXHVWLRQQDLUH

7KHDGDSWLYHFDSDFLW\RIWKHZRUNIRUFHZDVH[SORUHGXVLQJVHPLVWUXFWXUHGLQWHUYLHZV
ZLWK VWDII DFURVV WKH WKUHH FDVH VWXG\ SRUWV 7KURXJK RSHQHQGHG TXHVWLRQV
UHVSRQGHQWV ZHUH LQYLWHG WR H[SODLQ DQG GLVFXVV WKH UHODWLRQVKLS EHWZHHQ FOLPDWH
LPSDFWVDQGSRUWRSHUDWLRQV,QDGGLWLRQDVHULHVRIZRUNVKRSVKHOGGXULQJ6HSWHPEHU
 ZHUH RUJDQLVHG WR DVFHUWDLQ ZRUNIRUFH DGDSWLYH FDSDFLW\ RSWLRQV ZLWK WKH
REMHFWLYHRILGHQWLI\LQJSRVVLEOHWUDLQLQJQHHGV
 9DOXHOLPLWDWLRQVOHDUQLQJVIURPWKHDSSURDFKWDNHQ
6HYHUDOOLPLWDWLRQVSUHVHQWHGWKHPVHOYHVDVWKHDSSURDFKXQIROGHGEXWDOVRVLJQLILFDQW
YDOXH$QLPSRUWDQWOLPLWDWLRQZDVWKHUHOLDQFHRQDVPDOODQGODUJHO\XQUHSUHVHQWDWLYH
VDPSOHRIFDVHVWXG\SRUWVDQGWKH LVVXHVDVVRFLDWHGZLWKWKHDSSOLFDWLRQRIWKHUDZ
GDWD'HVSLWHVXFK OLPLWDWLRQVD WUDQVIHUDEOHPHWKRGRORJ\ IRUVWXG\LQJ WKH LPSDFWVRI
FOLPDWHFKDQJHRISRUWDVVHWVDQGRSHUDWLRQVZDVGHYHORSHGDQG WKRXJKQRWGLUHFWO\
JHQHUDOLVDEOH LPSRUWDQW LQIHUHQFHV FDQ EH PDGH WR WKH FRQWH[WV RI RWKHU SRUWV LQ
$XVWUDOLD
7KHXVHRI*,6VLPXODWLRQZDVZHOOUHFHLYHGE\WKHSRUWVDQGFUHDWHGDYDOXDEOHYLVXDO
HQJDJHPHQWWRRO+RZHYHUWKLVDSSURDFKZDVH[SHQVLYHDQGFRXOGQRWEHXQGHUWDNHQ
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

IRUDOOSRWHQWLDOFOLPDWHLPSDFWVDQGZDVDOVRXQDEOHWREHH[WHQGHGWRDOOWKUHHFDVH
VWXG\SRUWV
7KHVXUYH\WHFKQLTXHXVHGWRGHYHORSWKHYXOQHUDELOLW\PDWUL[UHOLHVRQWKHSHUFHSWLRQV
RI WKH SHUVRQ FRPSOHWLQJ WKH VXUYH\ DQG DV VXFK LV VXEMHFWLYH 'LIIHUHQW SRUWV
DSSURDFKHGWKLVSURFHVVLQGLIIHUHQWZD\V,QVRPHFDVHVDQLQGLYLGXDOFRPSOHWHGWKH
VXUYH\ IURPWKHLURZQNQRZOHGJHZKLOVW LQRWKHUV WKHVXUYH\ZDVFRPSOHWHGZLWK WKH
NQRZOHGJHRIVHYHUDOSDUWLFLSDWLQJVWDII7KHUHOLDQFHRQDVLQJOHLQGLYLGXDO¶VNQRZOHGJH
FDQ REYLRXVO\ OHDG WR ELDV LQ WKH UHVXOWV 7KHVH SHUFHSWLRQV ZHUH XVHG ZLWKLQ WKH
&726WKXVDIORZRQLPSDFWIRUWKHYDOXHRIWKH&726ZDVVHHQ
7KHVHPLVWUXFWXUHGLQWHUYLHZVZLWKGLIIHUHQWSRUWSHUVRQQHODQGWKHVPDOOZRUNVKRSV
KHOGDGGHGVLJQLILFDQWYDOXH7KH\QRWRQO\SURYLGHGLQSXWWRWKHUHVHDUFKSURFHVVEXW
WKH\DOVRDOORZHGDVKDULQJRINQRZOHGJHDERXWFOLPDWHFKDQJHLPSDFWVZLWKWKHSRUW
UHSUHVHQWDWLYHV ,QWHUYLHZVZHUH WLPHFRQVXPLQJKRZHYHUDQG WKHUHZDVD OLPLWDWLRQ
LQ JDLQLQJ DFFHVV WR D ZLGH YDULHW\ RI SHUVRQQHO DW VRPH RI WKH SRUWV $GGLWLRQDOO\
VRPH SHUVRQQHO ZHUH QRW DEOH WR DWWHQG WKH ZRUNVKRSV UHGXFLQJ WKH EUHDGWK RI
H[SHULHQFHWKDWFRXOGKDYHEHHQUHSUHVHQWHG
 3URMHFWRXWSXWV
:3GHYHORSHGWZRVRIWZDUHWRROVDVSDUWRIWKHSURMHFWD*,6HQDEOHG$VVHW5HJLVWHU
IRU 3RUW .HPEOD 3RUW &RUSRUDWLRQ DQG D &RQWDLQHU 7HUPLQDO 2SHUDWLRQ 6LPXODWRU
&726 IRU RQH SDUWLFXODU WHUPLQDO RSHUDWLQJ ZLWKLQ WKH 6\GQH\ 3RUW &RUSRUDWLRQ $
UHJLVWHURIFRUHRSHUDWLRQDODVVHWVDQGWKHLUFOLPDWHYXOQHUDELOLW\ZDVDOVRSUHSDUHG
7KH UHJLVWHU RI FRUH RSHUDWLRQDO DVVHWV WRJHWKHUZLWK WKH*,6 YLVXDOLVDWLRQ FDSDELOLW\
FRQWULEXWHGWRYXOQHUDELOLW\PDSSLQJRIDVVHWVDW3RUW.HPEOD&RUSRUDWLRQ7KHFDVHRI
DULVHLQVHDOHYHOZDVGHPRQVWUDWHGXVLQJWKH*,6EDVHGYLVXDOLVDWLRQFDSDELOLW\
7KH&726HQDEOHGDV\VWHPDWLFDVVHVVPHQWRIYDULRXVµZKDWLI¶VFHQDULRVDVVRFLDWHG
ZLWK H[WUHPHZHDWKHU HYHQWV WKDW DUH RIPRVW FRQFHUQ WR SRUW RSHUDWLRQV RXW WR WKH
WLPH SHULRG  7KH RXWSXWV RI WKLV VLPXODWLRQ ZHUH D VHW RI .H\ 3HUIRUPDQFH
,QGLFDWRUV.3,VWKDWDOORZHGWKHOHYHOVRIRSHUDWLRQDOSHUIRUPDQFHHJFUDQHUDWHV
VWUDGGOH SURGXFWLYLW\ WUXFN TXHXH OHQJWK \DUG XWLOLVDWLRQ DQG WKH RYHUDOO WKURXJKSXW
ZLWKLQWKHFRQWDLQHUKDQGOLQJSURFHVVWREHFRPSDUHGZKHQVXEMHFWWRGLIIHUHQWFOLPDWH
UHODWHG SHUWXUEDWLRQV 7KH &726 KDV EHHQ GHVLJQHG DQG FRGHG LQ D PDQQHU WKDW
SHUPLWVLWVPRGLILFDWLRQVXFKWKDWLWFDQEHDSSOLHGWRRWKHUSRUWFRQWH[WV
$ VHOHFWLRQ RI WUDLQLQJ RSWLRQV IRU SRUW SHUVRQQHO ZDV DOVR LGHQWLILHG 7KHVH RSWLRQV
DGGUHVVHGYDULRXVDZDUHQHVVNQRZOHGJHDQGVNLOOQHHGVDFURVVGLIIHUHQWSRUW UROHV
DQGIXQFWLRQV
)LQDOO\ D K\EULG ULVNYXOQHUDELOLW\ DVVHVVPHQW SURFHVV ZDV RXWOLQHG LQ D VHSDUDWH
UHSRUWWRDVVLVWSRUWVXQGHUVWDQGWKHLUFOLPDWHFKDQJHULVNVDQGSUHSDUHDSSURSULDWH
DGDSWDWLRQVWUDWHJLHV
 .H\UHVHDUFKILQGLQJV
x 7KHPRGHOOLQJRIVHDOHYHOULVHVKRZVWKHLPSDFWIRU3RUW.HPEODZRXOG
SUREDEO\EHORZWRPRGHUDWHUHVXOWLQJLQPLQRULQXQGDWLRQDQGUHGXFHG
(QKDQFLQJWKHUHVLOLHQFHRIVHDSRUWVWRDFKDQJLQJFOLPDWHUHSRUWVHULHV

FDSDFLW\RIVRPHRIWKHRSHUDWLRQDODVVHWV)XUWKHUµJURXQGWUXWKLQJ¶DWWKHDVVHW
OHYHOKRZHYHUKDVEHHQUHFRPPHQGHG
x 7KHFOLPDWHYDULDEOHVLGHQWLILHGDVµRIPRVWFRQFHUQ¶ZHUHWURSLFDOF\FORQHV
*ODGVWRQHKLJKZLQGVSHHGV3RUW.HPEODDQGVWRUPVXUJHDQGWLGHV
6\GQH\7KHDVVHWVRIPRVWFRQFHUQUHODWHGVLJQLILFDQWO\WRKLJKLPSDFW
WHFKQLFDOHTXLSPHQWVKRUHDQGVKLSFUDQHVDQGVRPHSK\VLFDOSURWHFWLRQ
DVVHWV7KLVVWXG\XQFRYHUHGYDU\LQJSHUFHSWLRQVDERXWWKHUROHRIVHDOHYHO
ULVHDVDWKUHDWWRDOODVVHWV
x 7KHUHVXOWVRIWKHVLPXODWLRQVKLJKOLJKWHGWKDWZKLOHWKHLPSDFWGXHWRKLJK
WHPSHUDWXUHUDLQKLJKZLQGDQGIORRGLQJZHUHQRQVLJQLILFDQWRQWKHFRQWDLQHU
UHODWHGRSHUDWLRQVUDLQDQGKLJKZLQGKDGWKHPRVWLPSDFWZKLOHIORRGLQJLQWKH
\DUGDUHDLPSDFWHGRSHUDWLRQVRIWKHVWUDGGOHFDUULHUVOHDGLQJWREDFNORJ
TXHXHVEHLQJFUHDWHGIRUWUXFNV
x 8VLQJ DQQXDO KRW GD\V RFFXUULQJ DW SUHVHQW DQG SURMHFWHG IRU  WKH OLNHO\
DQQXDO LPSDFW GXH WR KLJK WHPSHUDWXUH GD\V ZDV FDOFXODWHG E\ &726 7KH
HVWLPDWHGLPSDFWRIDKHDWZDYHVFHQDULRUHVXOWHGLQDSURGXFWLYLW\ ORVVRI
FRQWDLQHUVSHU\HDUZKLFKZLOOLQFUHDVHWRFRQWDLQHUVSHU\HDUEDVHGRQWKH
SURMHFWHG QXPEHU RI KRW GD\V LQ  7KLV ILJXUH LV OHVV WKDQ  RI WKH
DQQXDOFRQWDLQHUWUDGHRIWKHSRUW
x 3RUWVYLHZFOLPDWHFKDQJHDQGLWVLPSDFWVIURPDVXVWDLQDELOLW\SHUVSHFWLYH$OO
SRUWVLGHQWLILHGWKHQHHGIRULQFUHPHQWDOOHDUQLQJDQGFKDQJHRIWKHHPHUJHQF\
UHVSRQVH V\VWHPV DV FOLPDWH H[WUHPHV FKDQJH 6XFK FKDQJH ZDV VHHQ E\
SRUWV¶WREHHVVHQWLDOIRUDGGUHVVLQJHPHUJLQJH[WUHPHZHDWKHUHYHQWV$VKLIW
WRPDLQVWUHDPFOLPDWHFKDQJHFRQVLGHUDWLRQV LQWRFRUSRUDWH ULVNPDQDJHPHQW
VWUDWHJLHVPRUHH[SOLFLWO\LVQHHGHG
x 7KH LPSRUWDQFH RI KDYLQJ H[HFXWLYH VXSSRUW IRU DQ RUJDQLVDWLRQDO FXOWXUH WR
HPEUDFHFOLPDWHFKDQJHDGDSWDWLRQZDVKLJKOLJKWHGDFURVVDOOWKUHHSRUWV
x ([LVWLQJSURFHGXUHVIRUGHDOLQJZLWKZHDWKHUUHODWHGLPSDFWVRQWKHZRUNIRUFH
ZHUHPRVWO\EDVHGRQ2+6DQGHQYLURQPHQWDOPDQDJHPHQWIUDPHZRUNVDQG
HPHUJHQF\UHVSRQVHV\VWHPV
x $OOSRUWVUHJDUGHGQHZWHFKQRORJLHVSDUWLFXODUO\UHODWLQJWRZRUNDXWRPDWLRQDV
DPHFKDQLVPIRUPLWLJDWLQJWKHGLVUXSWLYHLPSDFWVRIH[WUHPHZHDWKHU
FRQGLWLRQV$XWRPDWLRQZDVDOVRVHHQWRLPSURYH2+6RQVLWHDVLWUHPRYHV
ZRUNHUVIURPSRWHQWLDOO\KD]DUGRXVVLWXDWLRQV
 5HVHDUFKJDSVDQGIXWXUHZRUN
7KH&726GHYHORSHGRIIHUVDYHUVDWLOHWRROIRUHVWLPDWLQJSHUIRUPDQFHLPSOLFDWLRQVRI
H[WUHPH ZHDWKHUUHODWHG GLVUXSWLRQV WR SRUW RSHUDWLRQV 7KH PRGHOOLQJ RXWSXWV
KRZHYHUDUHVHQVLWLYHWRRQJRLQJRSHUDWLRQDOFKDQJHVDQGSRWHQWLDOHUURUVLQH[LVWLQJ
GDWD7KXVUHDOLVWLFGHWHUPLQDWLRQZLOOKDYHWREHG\QDPLFDQGUHLWHUDWHGDVQHZGDWD
EHFRPHDYDLODEOH)XWXUH UHVHDUFKHQGHDYRXUVVKRXOG IRFXVRQ WKHH[WHQVLRQRI WKLV
PRGHOOLQJIUDPHZRUNWRLQFOXGHPHDVXULQJWKHYXOQHUDELOLW\DQGFDVFDGLQJLPSDFWVRI
FOLPDWHHYHQWVRQDZLGHUVXSSO\FKDLQQHWZRUNDQGWKHUHVXOWDQWVLPXODWHGIUHLJKWIORZ
SHUWXUEDWLRQ DQG ORJLVWLFV GLVUXSWLRQV ,QWHJUDWLRQ RI KLVWRULFDO GDWD RQ WKH LPSDFW RI
H[WUHPHZHDWKHUHYHQWVRQHIILFLHQF\OHYHOVRIWHUPLQDOHTXLSPHQWDQGRSHUDWLRQVZLOO
IXUWKHUHQKDQFHWKHUHOLDELOLW\RIWKHUHVXOWVSURGXFHGE\&726
)XQFWLRQDOUHVLOLHQFHRISRUWHQYLURQVLQDFKDQJLQJFOLPDWH±DVVHWVDQGRSHUDWLRQV

7KH DGDSWLYH FDSDFLW\ RI WKH ZRUNIRUFH SUHGRPLQDQWO\ LQYROYHG LQWHUYLHZV DQG
ZRUNVKRSV ZLWK PDQDJHPHQWPLGGOH PDQDJHPHQW )XWXUH ZRUN LQWHUYLHZLQJ DQG
HQJDJLQJZLWKIURQWOLQHVWDIIZRXOGDGGUREXVWQHVVWRWKHDVVHVVPHQWRIWKHZRUNIRUFH
DGDSWLYH FDSDFLW\ DQG SRWHQWLDOO\ SURYLGH D ZLGHU DUUD\ RI DGDSWDWLRQ DQG WUDLQLQJ
RSWLRQV
,QVXPWKHUHSRUWUHFRPPHQGVPRUHUHVHDUFKLQWKLVDUHDDQGWKDWSRUWVXWLOLVHDPRUH
V\VWHPDWLFDQGGHWDLOHGDSSURDFKWRGDWDJDWKHULQJSDUWLFXODUO\DVLWUHODWHVWRH[WUHPH
ZHDWKHUFRQGLWLRQVDQGUHODWHGGLVUXSWLRQVDVVHWUHJLVWHUVDQG*,6UHDG\GDWD
 ,PSOLFDWLRQVIRUSROLF\DQGSUDFWLFH
2QH RI WKHPRVW VWULNLQJ SUDFWLFH UHFRPPHQGDWLRQV WR FRPH RXW RI WKH VWXG\ LV WKH
QHHG IRU SRUWV WR ZRUN FROODERUDWLYHO\ ZLWK WKHLU VXSSO\ FKDLQ DQG ORFDO FRXQFLO
UHSUHVHQWDWLYHV WR DSSURSULDWHO\ DVVHVV WKHLU FOLPDWH ULVN DQG GHYHORS FROODERUDWLYH
DGDSWDWLRQ VWUDWHJLHV WR PLWLJDWH WKHLU ULVNV $OWKRXJK WKLV VWXG\ GLG QRW H[SOLFLWO\
UHVHDUFKRIIVLWHLPSDFWVRIFOLPDWHFKDQJHWKHVHZHUHIUHTXHQWO\PHQWLRQHG
$OWKRXJK D YROXQWDU\ DSSURDFK WR FOLPDWH ULVN DVVHVVPHQW LV SUHIHUUHG D NH\ SROLF\
UHFRPPHQGDWLRQ ZRXOG EH IRU JRYHUQPHQW WRPDQGDWH FOLPDWH ULVN DVVHVVPHQWV IRU
VLJQLILFDQWLQIUDVWUXFWXUHVXFKDVSRUWV7KH8.H[SHULHQFHKDVVKRZQWKDWPDQGDWLQJ
DFOLPDWHULVNDVVHVVPHQWIRUDOOVLJQLILFDQWSRUWVSURGXFHVXVHIXOUHVXOWV
$GGLWLRQDOO\WKHUHSRUWUHFRPPHQGVDVHWRIDGDSWDWLRQVWUDWHJLHVWRDVVHPEOHDPRUH
DGDSWLYHZRUNIRUFHZLWKJUHDWHUFDSDFLW\WRUHVSRQGWRDFKDQJLQJFOLPDWH7KLVZDV
EDVHGRQRXULQYHVWLJDWLRQRIWKHDGDSWLYHFDSDFLW\HOHPHQWVRI
NQRZOHGJHVNLOOHGXFDWLRQRUJDQLVDWLRQDOFXVWRPVQRUPVDQGWKHRUJDQLVDWLRQDO
PDQDJHPHQWV\VWHPVDQGVWUXFWXUHVUHODWHGWRDQGDIIHFWHGE\SRUWRSHUDWLRQV
x 3RUWV QHHG WR LQWHJUDWH FOLPDWH FKDQJH DGDSWDWLRQ DV SDUW RI WKHLU ZLGHU ULVN
PDQDJHPHQWVWUDWHJLHVDVZHOODVWKHLUVXVWDLQDEOHGHYHORSPHQWDJHQGD
x 7KH DELOLW\ WR DFW RQ VXVWDLQDELOLW\ DQG FOLPDWH FKDQJH UHTXLUHV D ZRUNIRUFH
FXOWXUH UHFHSWLYH WR FOLPDWH DGDSWDWLRQ 7KLVPD\ UHTXLUH WKH GHYHORSPHQW RI
VRXQG EXVLQHVV FDVHV IRU FOLPDWH DGDSWDWLRQ DFWLRQ DW D ORFDOLVHG OHYHO DQG
ZRXOGEHHQKDQFHGE\PRUHVWUXFWXUHGDZDUHQHVV WUDLQLQJDWDOO OHYHOVRI WKH
SRUW RUJDQLVDWLRQ 1RW VXUSULVLQJO\ &(2 DQG VHQLRU H[HFXWLYHV KDYH DQ
LPSRUWDQW UROH WR FKDPSLRQ WKH RUJDQLVDWLRQDO FXOWXUDO FKDQJH QHFHVVDU\ IRU
PHHWLQJFOLPDWHFKDOOHQJHV
x 7KHFDSDFLW\RIWKHSRUWV¶WRDGDSWZLOOEHHQKDQFHGE\LQFRUSRUDWLRQRIFOLPDWH
FRQVLGHUDWLRQV LQ ULVN HYDOXDWLRQ SURFHVVHV ZRUNIRUFH PDQDJHPHQW DQG
RSHUDWLRQDO V\VWHPV 7KLV ZRXOG LQFOXGH UHDVVHVVPHQW RI FOLPDWH WKUHVKROGV
IRU RQJRLQJ HQKDQFHPHQW RI 2+	6 SURFHGXUHV DQG JXLGH WKH DFWLRQV
EHKDYLRXUVDQGSUDFWLFHVRISRUWZRUNIRUFHV
x $XWRPDWLRQRIRSHUDWLRQVLQSRUWVLVSHUFHLYHGDVDPHDVXUHWRUHGXFHWKHFRVW
RI FDUU\LQJ VWDII GXULQJ GRZQWLPHV LQFOXGLQJ WKRVH FDXVHG E\ WKH LPSDFW RI
VHYHUH ZHDWKHU ,W LV DOVR FRQVLGHUHG D VWUDWHJ\ WR UHGXFH LQMXU\ UDWHV DV LW
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